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np H E great Encouragement Mr. Wright 

-■• has had for many Years paft in making 

hrgc Orreries^ with the Motion* of all the 

Planets and Satellites, and the true Motion of 

S^ft^^ I^i^g) h^s made him fo ready and 

Eprfeft, that Gentlemen may depend on 
aving them made reafonable and found, not 
liable to be out of Order. 

As may be fecn by one he made for Mr. 
Watts'^ Academy in Tower-Street. 

Another for his Majefty at K^nfington. 

Another for th^ New Royal Academy at 
Fortfmoutb. 

Another for his Grace the Duke of Argyk 
(late Lord lla.) 

And feveral other large ones for Noblemen 
and Gentlemen. 

The above, and $ill other Mathematical^ 
Philofophical, and Optical Inftruments, are 
now made in the mo(t complete Manner, 
by B. Cole^ Servant to Mr, Wright at the Time 
of the above being made, and SucceiTor to hiq) 
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System, and of the Fixed 
Stars. 
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SECT. I. 

Of the Order and Periods of the Primary 
Planets revolving about the Sun ; and 
of the Secondary Planets round their re~ 
fpsSlive Primaries. 

! H E Sun is placed in the Midil 
I of an immenfe Space, wherein 
[ fix opaque fpherical Bodies re- 
' volve about him as their Center. 
Thcfe wandring Globes arc called the Pla-^ pimai. 
nets, who, al dinerentDiftances, and in dif- 
ferent Periods, perform their Revolutions 
from Weft to Eaft, in the following Order : 
I. ^Mercury is ncareft to the Sun of all 
the Planets, and performs its Courfe in 
abcmt 
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about three Montbsi* 2. %Vmmm about 
feven Months and a half. 3. ^ The Bartb 
in a Year. 4. t Mars in about t#o Years. 
5. It Jupiter in twelve. And laftly, ^ aS^- 
turrij whofe * Or^/V includes all the reft> 
fpends almoft 30 Years in one Revolution 
round the Sun. TheDiftances of thcPlanets^ 
from the Sun are nearly in the fame Pro- 
portion, as they are reprefented in Plate i. 
viz. Suppofing the Diftance of the Earth 
from the Sun to be divided into 10 equal 
parts ; that of Mercury will be about 4 of 
thefe Parts ; of Venus 7 ; of Mars 15 j of 
Jupiter 52 J and that of Saturn 95. 

The Orbits of the Planets are not all in 
the fame Plane, but varioufly inclined to 
one another i fothat fuppofingone of them 
to coincide with the above Scheme, the 
others will have one half above, and the 
other half below it ; interfering one ano- 
ther in a Line paffing through the Sun. 
The Plane of the Earth's Orbit is called 
the Ecliptic ; and this the Aftronomers 
make the Standard to which the Planes of 
the other Orbits are judged to incline. The 



The Chara6lers placed before the Names of the Pla- 
nets, are for Brevity's Sake commonly made ufe of by 
Ailronomers, inftead of the Words at length , as $ for 
Venus^ &c. 

* fiy the Orbit of a Planet is commonly underftood the 
Tra£i or Ring, defcribed by its Center round the Sun^ 
bot by the Plane of the Orbit is meant a Hat Surface 
•xtendf d every Way thro* the Orbit infinitely. 

right 
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tight Line pafling thro' the Sun, and the 
common Interfedion of the Plane of the 
Orbit of any Planet and the Eclipticj 
is called the Line of the Nodes of that Pla- ^ 
net; and the Points themielves,wherein the 
Orbit cuts the EcliptiCjare called the Nadesi 
The Inclinations of the Orbits of the 
Planets to the Plane of the Eclipticj are 
as follows, viz. theOrbitof A/trrar)- makjca 
an Angle with it of almofl: 7 Degrees; that 
of Fenus fomething above 3 1 Degrees ; of 
Mars^ a litle lefs than 2 Degrees ; of Ju- 
piter, I ^Degrees ; and oi Saturn, about 
2 4 Degrees. The Orbits of the Planets arc 
tiot Circles, but Ellipfes or Ovals, What 
anEllipfis is, may beea(ilyunderrtoodfrora 
the following Defcription. Imagine two 
fmall Pegs fixed upright on any PlanCj and 
fuppofe them tiedwith theEnds of a Thread 
fomewhat longer than their Diftance from 
one another ; Now if a Pin be placed in the 
Double of the Thread, and turned quite 
round, (alwaysftretching the Thread with 
the fame Force) the Curve defcribed by this 
Motion is an Ellipfs. The two Points 
wliere tlie Pegs flood, {about which the 
Thread was turned) are called the Foci o( 
thst Eilipfis ; and if, without changing the 
Length of the Thread, we alter the Po-* 
fition of the Pegs, we flialt then have an 
Eilipfis of a different kind from the former^ 
and the nearer thei^ccai'jaretogethcr, the 
B 2 ncartf 
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nearer will the Curve tJefcribed be to A 
Circle ; until at laft the two Focus's co- 
incide, and thenihe Pin in the doubling of 
the Thread will defcribe a perfect Circle. 
The Oibits of all the Planets have the Sun 
in one of theirFofaj'j, and half theDJilance 
between the two Focus's is called the Ex- 
ccntricity of the Orbits. This Excentricity 
is different in all the Planets, but in moft 
of them it is lb fmali, that in little Schemes 
orlnftrtiments, made to reprefent the Pla- 
netary Orbits, it need not be confidered. 

The Six Planets above-mentioned, are 
called Primaries, or Primary Planets j 
but befjdes thefe, there are ten other lefler 
Planets, which are called Secondaries, 
Moons, or Sateliiies. Thefe Moons al- 
waysaccompany their rcfpedlive Primaries, 
and perform theirRevolutions round them, 
whilrt both together are alfo carried round 
the Sun. Of the Six Primary Planets, there 
are but three, as far as Obfervation can af- 
fure us, that have thefe Attendants, -u/z. 
the Earth, 'Jupiter, and Saturn. 

TheEarth is attended by the Moon, who 
performs herRevolution in about 27 jDays, 
at the Diftance of about 30 Diameters of 
the Eartl) from it; and once a Year is car- 
ried round the Sun along with the Earth, 

"Jupiter has four Moons, or Satellites; the 

Jirji, or innermoll, performs its Revolution 

in about one Day and 18 ^ Hours, at the 

2 DiAance 
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Diftance of 5 ^ Semidiamcters of Jupiter 
from his Center i the fecond revolves about 
Jupiter in 3 Days and 13 Hours,at the Di- 
rtance of 9 of his Semidiameters i the third 
in 7-Day$ and 4 Hours, at the Diftance of 
J4y Semidiameters; ihe fourth and outer^ 
mojt performs its Courfe in the Space of 16 
Days 17 Hours, and is diftant from Ju^ 
piter's Center, 25 i. of his Semidiameter§. 

Saturn has no lefs than five Satellites-, Sahtm 
xhejirfl^ or innermofl, revolves about him ^^^^^ 
in I Day and 2 1 Hours, at the Diftance of 
4 \ Semidiameters of h from his Center; 
thc^f r^w^ compleats hisPeriod in 2 4 Days 
at theDiftance of 5 fof his Semidiameters; 
the thirds in about 4 ^Days, at the Di- 
ftance of 8 Semidiameters j the fourth, 
performs its Courfe in about i6 Days, at 
the Diftance of 18 Semidiameters; the 
fifth and outermoft takes 79 7 Days to 
finifli his Courfe,and is54Semidiameters6f 
Saturn diftant from his Center, The Sa- 
tellites, as well as the Primaries, perform 
their Revolutions fronpi Weft to Eaft : The 
Planes of the Orbits of the Satellites of the 
fame Planet are varioufly inclined to one 
another^ and confequently are inclined to 
the Plane of the Orbit of their Primary. 

Befides thefe Attendants, Saturn is en- ^atu^iiK 
compafled with a thin plain Ring,that does King, 
no where touch his Body : The Diameter 
Qf this Ring is to the Diameter of Saturn 

B 3 M 
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as 9 to 4 ; and the voidSpace between th e 
Ring and the Body of Salurn is equal tq 
the Breadth of the Ring i'.felf j fo that in 
feme Situations the Heavens may be feeii 
between the Ring and his Body. This fur- 
prizing PliEEnomenun of Sfiturn's Ring is a 
jnodern Difcovery ; neither were the Satel- 
lites of Jupiter and Saturn known to the 
Ancients. The Jovial Planets were firft 
difcovered by the iimoxM Italian Philofo- 
pher Galilaus, by a Telelcope wlilch he 
6rft invented ; and the celebrated Cajjim^_ 
the French King'sAftronomer,wasthe firft' 
that faw all the Satellites of Saturn ; which, 
byReafon of their great Diftances from the 
Sun, and theSmallnefs of their own Bodies, 
cannot be feen by us, but by the Help of 
very good Glaffes. 

TheMotion of the primaryPlanets round 
the Sun (as alfo of the Satellites round 
their refpeiSive Primaries) is palled their 
Annual Motion ; becaufe they have one 
Year or Alteration of Seafons compleat in 
one of thefe Revolutions. Befides this 
Annual Motion, four of the Planets, 'uiz. 
Venui, the Eri ft b, Man^ and Jupiter re- 
volve about their own Axis, from fVtJi 
to Ea/i ; and this is called their Diurnal 
Motion. For by this Rotation each Point 
of their Surfaces is carried fucceflively tor 
wards or from the Sun, who always illu- 
minates the Heniifphere which is next to 
him, the other icmaining obfcurej and 
wt\il? 
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while any Place is in the Hemifpherc illu- 
minated by the Sun, it is Day^ but when 
it is carriied to the obfcure Hemifphere, it 
htcomt^ Night ; and fo continues, until by 
thisRotation the faid Place is again enlight- 
ened by the Sun. 

The Earth performs its Revolution I>i«rnal 
round its Axis in ^3 Hours 56 Minutes ^ Jhe®"p^, 
* Venus in 24 Days 8 Hours; Mars in 24 imAiJi. 
Hours and 40 Minutes; and Jupiter movts 
round his own Axis in 9 Hours and 56 Mi- 
nutes. The Sun alfo is found to turn round 
his Axis from Weft to Eaft in 27 Days ; S.^^^, ^ 
And the Moon which is neareft to us of turn 
all the Planets, revolves about her Axis ina [°"?^ 
Month, or in the fame Space of Time that Axes. 
(he turns round the Earth ; fo that the Lu^ 
narianshzvQ but 1 Day throughout theYear. 

I. The Planets are all Opaque Bodies, The PU-v 
having noLight but what they borrow from ?5^^ ^^^ 
the Sun : for that Side of them which is an^cT^cfo- 
next towards the Sun, has always been ob-^ buiar. 
ferved ta be illuminated, in what Pofition 
foever they be ; but theoppofiteSide,which 
the Solar Rays do not reach, remains dark 
and obfcure; whence it; is evident that they 

* N. B. According to Biach'nP& Qbrervations, VenusS 
Axis inclines 75 Degrees from the Perpendicular to the 
Plane, the Ecliptic (which is 51 \ Deg. more than the 
Axis of Qur Earth) her Tropics are only 1 5 Deg. fronx 
her Poles, and her Polar Circles at the Tame Biilance 
irom her Equator \ fo that the Sun's greaceft Declina- 
tion on each Side of her Equator is 75 Deg. by which. 
(he muft undergo a much greater Variety of Seafoxvs ths^a 
we do 00 Qur £au-th. 
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have no Light but what proceeds from the 
Sun ; for if they had, all Parts pf thetij 
would be lucid \yithput any Darknefs or 
Shadow. The Planets are likewif^^ proved 
to be Globular j becaufe, let what Part fo- 
cver of them be turned towards the Sun, ita 
Boundary^ or the Line fcpar^ting that Part 
from the Oppofite, always appears to be 
Circular; which could not happen if they 
were not Globular. 

II. That the Earth is placed betwixt the 
Ssuirt ^"^^^ of Mars 2in^yem5y2iV\A that ?, ?, 
round the Sy If, and ^, dp all tufn round the Sun, 
**W- is proved from'ObfervatiPns as follow : 

I. Whenever Venus is in Conjundion 
with the Sun, that- is, wh?n (he is in the 
fame Dire(3:ioh frpni the Earth, or towards 
the fame Part of the Heavens the Sun is in j 
fhe either appears with a bright and round 
Face like a Full Moon, or clfe dlfappears : 
Or if (he is vifible, (he appears horned like 
a new Moon \ which Phaenomena could 
never happen if ? did not turn round the 
Sun, and was not betwixt him and th^ 
Earth : For fince all the Planets borrow 
their Light frpm the Sun, it isnecefTarythat 
? 's lucid Face fhould be towards the Sunj 
and when (lie appears fully illumin^ted,(hc 
ftiews the fame Face to the Sun ^nd Earth '^ 
and at that Time (he mull be above or be- 
yond the Sun ; for in no other ipofition 
could her illuminatedFace be feen from the 
,f arth. farther, wh?n (he dlfappears, or, 

' ' ' ' ' if 
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if vifible, appears horned j that Face qf 
her's which is towards the Sun is either 
wholly turned from the Earth, or only ^ a 
fmall Parf of it can be ften by the Earth ; 
and in this Cafe {he nnuft of Ncceflity be ^if^ez. 
betwixt us ahd the Sun. Let S be the Sun, ^^' '' '' 
T the Earthy and V Venus^ having the 
fame Face prefeqted both towards the Sun 
and Earth \ here it is plain that the Sua 
is betwixt us and VenuSy and therefore we 
muft either place Veniis iq an Orbit rquqd 
the Sun, and likewife betwixt him and 
us, as in Fig. j . or elfe we muft make th^ 
Sun to niov? round the Earth iq an Orbit 
within that of Venus ^ as in Fig. 2. Again, 
after Fenus disappears, or becomes horned, 
at her* <s with the o, (he then muft be 
betwixt lis and the Sun, and muft move 
either in ^n Orbit round the Sun, and be- 
twixt us and him, as in Fi^. i, or elfe 
^ound the Earth, and betwixt us and the 
Sun, as iq Fig. 2. But Fenus cannot move 
fometimes within the Sun's Orbit, and 
ibmctirnes without it, as we muft fuppofe 
if fhe moves roving the Earth ; therefore it 
is plain that her Motion is round the Sun. 
Befides the foregoing, there is another Ar- 
gument to prove that Fenus turns rovind the 
§un in an Orbit that is within the Earth's, 
becaufe fhe is always obferved to keep near 

« (} is a Mark commonly ufed for Conjun£lion ,* thus 
^ y(ich the Q, is (9 be read ConJQndion wi^ the Sun. 
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^^1 the Sun, and inthe fame Quarter oftheHea- 

^^B vens that he is iPj never receding from him 

^^1 more than about ^oi z whole Circle -, and 

^^^ therefore fhe can never come in Oppofuion 

^^1 to him; whichwould necelTarily happen, did 

^H fhe perform her Courfe round the Earth ei- 

^H thcr in a longer or fliorter Time than aYear. 

^^ And this is the Reafon why Vmus is never 

I ^f^s^i'. to be fcen near Midnight, but always either 

ways ei. Jn the Morning or Evening, and at moft not 

jher our above three or four Hours before Sun-rifing 

or Evca- o"" ^ftcr Sun-fcttiiig. From the Time of % 's 

ingSiars, fuperiorConjundtion (or when fhe is above 

the Sun) flic is more Eafterly than the Sun, 

and therefore fets later, and is feen after 

Sun-fetiingi and then fhe is commonly call'J 

the Evening Star. But from the Time of 

her inferior Conjuniftion, till flie comes 

again to the faperior, flie then appears more 

Wefterly than the San, and is only to be 

feen in the Morning before Sun-iiling,and 

is then called the Morning Star. 

After the fame Manner we prove that 
Mercury turns round the Sun, for he al- 
ways keeps in the Sun's Neighbourhood^ 
and never recedes from him fo far as I'enm 
does ; and therefore the Orbit of if muft 
lie within that of $ ; and on the Account 
of his Nearnefs to the Sun, he can fcldom 
be feen without a Telefcope, 
The Or- Mars is obferved to come in Oppofition, 
aLhii. ^'^^ likcwifc to have all other Alpeias witlx 
ciud» the ttlQ 
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the Sun i he always preferves a round, ftill, 
and bright Face, except when he is near his 
Quadrate Afpcft, when he appears fome- 
what gibbous, lilie the Moon three or four 
Days before or after the full: Therefore the 
Orbit of s muft include the Eanh within 
it, and alfo the Sun ; for if he was betwixt 
the Sun and us at the Time of his inferior 
Conjunction, he would cither quite difap- 
pear, or appear horned, as Venus and the 
Moon do in that Pofition. Let S be the 
i'ttn, T the Earth, and A P Mars^ both in 
his Conjunflion and Oppofition to the Sun, ^'*^' 3- 
and in both Pofitions full ; and B C Man 
at his Quadratures, when he appears fome- 
whac gibbous from the Earth at T- 'Tis 
plain hence, that the Orbit of Mars does 
include the Earth, otherwife he could not 
come in Oppofition to the Sun; and that 
it Hkewife includes the Sun, elfe he could 
not appear full at his Conjunftion. 

Mars, when he is in Oppofition to the 
Son, looks almoft fcven Times larger in 
piameter than when he is in conjuniffion 
with him, and therefore muft needs be al- 
moft fcven times nearer to us in one Pofition 
than in the other; for the apparent Magni- 
tades of far diftant Objeifts increafe or de- 
Cfcafe in proportion to their Diftanccs from 
us. But Men keeps always nearly at the 
feme Diflancc from the Sun ; therefore 
h is plain that it is not the Earth but the 
^(1 that is the Center of his Motion, 

It 
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It is proved in the fame Way, that y^/- 
fiter and Saturn have both the Sun and 
the Earth within their Orbits, and that the 
Sun, and not the Earth is tlie Center of 
their Motions ; ahho' the Difproportion of 
theDiftances from the Earth is notfo great 
in Jupiter as it is in Mar;, nor fo great in 
Saturn as it is in Jupiter^ by Realbn that 
they are at a much greater Diftance from 
the Sun. 

We have now fliewn that all the Planets 
turn round the Sun, and that Mercury and 
Feims are included between him and the 
Earth, whence they are called the Inferior 
planets, and that the Earth is placed between 
the Orbits of Mars and Venus, and there- 
fore included within the O.bits of Mars^ 
Jupiter and Saturn, whence ihey are called 
the Superior Planets : And fince the Earth 
is in the Middc of thefe moveable Bodies, 
and is of the fame Nature with thcm^ 
we may conclude that flic has the fame Sort 
of Motions J but that fte turns round the 
Sun is proved thus: 

All the Planets fcen from the Earth ap-. 
pear to move very unequally, as lometimes 
togofafler, at other times Ilower; fome-. 
times to go backwards, and fometimes to 
be flationary, or not to move at all ; which 
could not happen if the Earth ftood fliU, 
Let S be the Sun, T the Earth, the great 
Circle A E C D the Qihit of, Mws^ ^nd 
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the Numbers 1,2, 3,©"^. its equable Motion 
round the Sunj the corrcfpondent Numbers 
I, 2, 3, &c. in the Circle a^ b^ r, d^ the Mo- 
tion of MarSy as it would be feen from the 
Earth. It is plain from this Figure, that 
if the Earth flood ftill, the Motion oi Mars 
will be always progreflive, (tho' fome- 
times very unequal 5) but fince Obfervations 
prove the contrary, it neceffarily follows, 
that the Earth turns round the Sun. 

The annual Periods of the Planets round '^^^^**: 
the Sun are determined by carefully obferv- Sjo^ 
ing the Length of Time fince thcirDeparture Motions 
from a certainPoint in the Heavens,(or from pj^^, 
a Fixed Star) . until they arrive to the fame how com^ 
again. By thefe Sorts of Obfervations the P"^«^ 
Antients determined the periodical Revo- , 
lutions of the Planets round the Sun, and 
were fo exad: in their Computations^ as to 
be capable of predicting Eclipfes of the Sun 
and Moon. But fince the Invention of 
Telefcopes, Aftronomical Obfervations are 
made with greater Accuracy, and of Confc- 
quence our Tables are far more perfedt than 
thofe of the Ancients. And in order to 
be as exadt as poflible, Aftronomers com- 
pare Obfervations made at a great Diftance 
of Time from one another, including feve- 
ral Periods ; by which Means,the Error that 
might be in the whole is in each Period 
fubdivided into luch little Parts as to be 
very inconfidcrable.Thus the mean Length 
of a Solar Year is known even to Seconds^ 

The 
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The Diurnal Rotation of the Planets 
round their Axisj was difcovcred by certain 
Spots which appear on the Surfaces. Theft 
Spots appear nrft in the Margin of the Pkn 
nets Difks, (or the Edge of their Surfaces) 
and feem by Degrees to creep towards tbeif 
Middle, and fo on^ going ftill forwat-dj till 
they come to the oppofite Side or Edge of 
the Difk, where they fet or difappear j 
and after they have been hid for the fame 
Space of Tinie, that they were vifibic, they 
again appear to rife in or near the fame 
PlacCj as they did at firft^ then to creep od 
progrefRvely, taking the fame Courfe as they 
did before. Thefe Spots have been obferved 
on the Surfaces of the Sun, Venus^ Marsj 
and Jupiter ; by which Means it has been 
found that thefe Bodies tiirn round their 
own Axis in the Times before- meniionedi 
It is very probable that Mercury and Saturn 
have likewife a Motion round their Axis< 
that all the Parts of their Surface may al- 
ternately enjoy the Light andHeat of theSun^ 
and receive fuch Changes as are proper and 
convenient for their Nature. But by. Rea- 
fon of the Nearnefs of 5 to the Sun^ and 
% *s immenfe Diftance from him, no Obfcr- 
vationS have hitherto been made whereby 
Ihcir Spots, (if they have any) could be dil- 
covered^ and therefore their diurnal Mo-^ 
tions could not be determined. The diur- 
nal Motion of the Earth is computed from 

thd 
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the apparent Revolution of the Heavens, 
and of all the Stars round it, in the Space 
of a natural Day. The Solar Spots do not 
always remain the fame, but fometimcs old 
ones vanifli, and afterwards others fucceed 
in their Room; fometimes feveral fmall ones 
gather together and make one large Spot, 
and fometimes a large Spot is leen to be 
divided into many fmall ones. Bat, not- 
withftanding tbefe Changes, they all turn 
round with the Sun in the fame Time. 

The relative Diftances of the Planets "°*'jj'* 
from the Sun, and likewife from each other, Diftance* 
are determined by the following Methods ; of the 
Firft, the Diftances of the two inferior Pla- J'j;^^^^ 
nets 5 and ? from the Sun, in Refpedl of Sunare 
the Earth's Diftance from him, is had by ^^}"- 
obferving their greateft Elongation from the """ 
Sun as they are feen from the Earth. 

The greateft Elongation of Femn is found Fig. j. 
by Obfcrvation to be about 48 Degrees, ^J'"'g'*- 
which is the Angle ST s ; whence, by the 
known Rules of Trigonometry, the Propor- 
tion of S ¥ , the mean Diilance of Venus 
from the Sun to S T, the mean Diftance of 
the Earth from him, may be eafily found. 
After the fame Manner, in the right-angled 
Triangle S T 5 , may be found the Diftance 
S 5 of Mercury from the Sun. And if 
the mean Diftance of the Earth from the 
Sun S T be made 1000, the mean Diftance 
of Venus S ? from the Sun will be 723 ) 
and 
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and of Mercury^ 5 387: And if the Planets 
moved round the Sun in Circles, having 
him for their Center, the Dlftances here 
found would be always their true Dlftances: 
but as they move in Ellipfes, their Diftances 
from the Sun will be fometimes greater, and 
fometimes Icfs. Their Excentridties are 
computed to be as follows, viz. 

i Mercury 8ojof the Parts a- 
Venus 5^ bove-men- 
Eartb 169) tioned. 
The Diftances of the fuperior Planets^ 
'uiz. i, li, and b, are found by comparing 
their true Places, as they are ieen from the 
Sun, with their apparent Places, as they are 
feen from the Earth. Let S be the Sun, the 
Circle ABC the Earth's Orbit, AG a Line 
touching the Earth's Orbit, in which we'll 
fuppofe the fuperior Planets arc ieen from 
the Earth in the Points of their Orbits J, 
If, h ; and let DEFGH be a Portion of a 
great Circle in the Heavens j atan infinite Dif- 
tance : Then the Place of Mars ken horn 
the Sun is D, which is called his true or 
Heliocentric Place; but from the Earth 
he'll be feen in G, which is called his ap- 
parent or Geocentric Place. So likewife 
Jupiter and Satur7j will be feen from the 
Sun in the Points E and F, their Heliocen- 
tric Phces i but a Spedlator from the 
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The Arches DG, EG, FG, the DifFcrences 
between the true andapparentPlacesofthe 
fupcrior Planets, are called the Parallaxes 
of the Earth's annual Orb, as feen from thefe 
Planets. If thro* the Sun we drawS H pa- 
rallel to A G, the Angles A ^ S, A it S, 
A t S, will be refpedively equal to the 
Angles D S H, E S H, and F S H J and the 
Angle A G S is equal to the Angle G S H, 
whofe Meafure is the Arch GHj which 
therefore will be the Meafure of the Angle 
AGS, the Angle under which the Semi- 
diameter A S of the Earth's Orbit, is feen 
from the Starry Heavens. But this Semi- 
diameter is nothing in refpedt of the ira- 
menfe Diftance of the Heavens or Fixed 
Stars ; for from thence it would appear un- 
der no fenfible Angle, but look likea Point. 
And therefore in the Heavens the Angle 
■ G S H, or the Arch G H vaniflics ; and the 
Points G and H coincides and the Arches 
DH, EH, FH, may be confidered as being 
of the fame Bignefs with the Arches DG, 
E G, and F G, which are the Meafures of 
the Angles A*S, AitS, A^S; which 
Angles are nearly the greateft Elongation of 
the Earth from the Sun, if the Earth be ob- 
ferved from the refpeftivc Planets, when 
the Line G *? V * A, touches the Earths 
Orbit in A. The nearer any of the fuperior 
Planets is to the Sun, the greater is the Pa- 
rallax of the Annual Orb, or the Angle 
C under 
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underwhich the Semidiameterofthe Earth's 
Orbit is feen from that Planet. In Mars 
theAnglc A S S (which is the vifible Elon- 
gation of the Earth feen from Marsy or 
the Parallax of the Annua! Orb feen from 
thatPknet)isabout42 Degrees, and there- 
fore the Earth is always to the Inhabitants 
of Mars either their Morning or Evening 
Star, and is never feen by them fo far dif- 
tant from the Sun as we fee Venus. The 
greateft Elongation of the Earth feen from 
Jupiter, being nearly equal to the Angle 
A V S, is about 1 1 Degrees. In Saturn the 
Angle A fc S is but 6 Degrees, which is 
not much above ^ Part of the greateft E- 
longation we obferve in Mercury. And 
fince Mercury is fo rarely feen by us, pro- 
bably the Aftronomcrs of Saturn (except 
they have better Opticks than we have) 
have not yet difcovered, that there is fuch 
a Body as our Earth in the Univerfe. 

The Parallax of the Annual Orb, or the 
greateft Elongation of the Earth'sOrbit feen 
from any of the fuperior Planets, being 
given ; the Diftance of that Planet from the 
Sun, in refpedt of the Earth's Diftancefrom 
him, may be found by the fame Methods 
as the Diftances of the inferior Planets were. 
Thus, to find the Diftance of Mars from 
the Sun, it will be as the Sine of the An- 
gle S J A is to the Radius, fo is the Dif- 
tance A S (the Diftance of the Earth from 
..«,.. _ the 
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"Ac Sun) to S*, the DiftanCe from the SUn 
to Mars. After the fame Manner the Dif- 
tances of Jupiter and Saturn are alfo found. 
The mean Diftance of the Earth from the 
Sun being made a 1 000, the mean Didances 
of the fuperior Planets from the Sun are, 
•u/k. the mean Diftance from the Sun of 
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To which, if you add or fubtradt theif 
mean Diftances, we Ihall have the greateft 
or leafl Diftaaces of thofe Planets from tbt 
Sun. . : i 

There are other Methods by which ^M 
relative Diftances of the Planets might be 
found ; but that which hath been here 
illaflrated, is futBcient to evince the.Cer*- 
tainty of that Problem. 

Hitherto we have only conlidercd the How the 
Diftances of the Planets in relation to one ^^^^^^^ 
another, without determining them by any of the pu- 
known Meafure ; but in order to find their ""s from 
abfoluteDiftancesin fome determinate Mea- arlcom- 
fufc,thcrc muftbe fomething given, whofe puted. 
Meafure ig known. NowtheCircumference 
of the Earth is divided into 360 Degrees, 
and each of thefe Degrees into 60 Geogra- 
phical Miles, io that the whole Circumfe'- 
rencc contains a 1600 ( and by the known 
Proportion for finding the Diameter of a 
C 2 Circle 
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Circle from its Circumference, the Earth's 

Diameter will be found to be 6872 Miles, 

Parallax and its Semidiameter 3436 Miles. ThePa- 

farM'i rallax of the Earth's Semidiameter, or the 

SemUia- Angle undcr which it is feen from a certain 

P "*'"■' Planet, may be found by comparing the 
true Place of the Planet, as it would be fcen 
from the Center of the Earih, ^which is 
known by Computation) with its apparent 
Place, as it is (ccn from fome Point on the 
Fi£. 7. Earth's Surface. Let CZA be the Earth, 
ZC its Semidiameter, ffi fome Planet, and 
BHT an Arch of a great Circle in the 
Heavens, at an infinite Diftance. Now the 
Planet ® will appear from the Earth's Cen- 
ter C, in the Point of the Heavens H -, but 
a Speftator from the Point Z upon the 
Earth's Surface, \A'ill fee the fame Objed ® 
in the Point of the Heavens B ; and the 
Arch BH the Difference, is equal to the 
■AnglcB®H=Z®C,thei'(irfl//flxj which 
iieing known, the Side C ffi the Diftance of 
the Planet from the Center of the Earth, 
at that Time, may be eafily found. Now 
if this Diftance of the Planet from the 
Earth be determined, when the Centers of 
the Sun, the faid Planet, and of tlie Earth, 
are in the fame right Line, we have the 
abfolute Diftance of the Planet's Orbit from 
the Earths in known Meafure ; then it 
will be, as the relative Diftance betwixt 
the Earth's Orbit and that of the Planet is 
to the relative Diftance of the faid Planet 
from 
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from the Sun ; fo is the Diftance of the 
Planet's Orbit from the Earth's in known 
Meafure to the Diftance of the faid Planet 
from the Sun in the fame Meafure : Which 
being known, the Diftance of all the other 
Planets from the Sun may be found. For, 
it will be, as the relative Diftance of any 
Planet from the Sun, is to its Diftance from 
him in a known Meafure; fois the relative 
Diftance of any other Planet from him, to 
its Diftance in the fame Meafure. This 
may be done by finding the Diftance of the 
Planet Mars, when he is in Oppofition to 
the Sun, after the fame Manner as we find 
the Diftance of a Tree, or the like, by two 
Stations. 

Let * be Man^ D the Point on the 
Earth's Surperficies, where Mars is vertical 
when he is in Oppofition to the Sun, which 
may beexadlly enough found by Calcula- 
tion, at which Time let an Obferver, at 
the Point Z (whofe Situation from D muft 
be known) take the Altitude of Mars^ 
whofe Complement will be the Angle * 
ZR i then in the Triangle S ZC will be 
given the Angle Z^C, the Angle C (whoft 
Meafure is the Arch D Z) and confe- 
quently the Angle Z ^ C the Parallax, and 
alio the Side Z C the Semidiamcter of 
the Earth ? by which we may find C 
* the Diftance of Man from the 
Earth. The extreme Nicety required 
' 's Obfervation, makes it very difficult 
C 3 to 
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to determine the cxaft Diftances of th« 
Planets from the Sun ; but the celebrated 
Dr. Halley has, in the PhilofophJcal Tranf- 
ftdions, (hewed tis a more certain Method 
for finding the Diftances of the Planets j 
which is by obferving the Tranfit of Venui 
over the Sun. 

The Eye judgeth of the Magnitudes of far 
diftant Objedta, according to the Quantities 
of the Angles under which they are feen 
(which are called ihejr apparent Magni- 
tudes ;) and thefe Angles appear greater or 
lefs in a certain Proportion to theirDiflanccs. 
WhereforetheDiftanccsof the Planets from 
the Earthj and their apparent Diameters 
being given, their true Diameters (and from 
thence their Magnitudes) may be found. 
How the Diftances of the Planets may be 
found has been already (hewn ; their appa- 
rent Diameters are found by a Telefcope, 
having a Machine fix'd to it for meafuring 
Angles, called a Micrometer. Let B Dj or 
the Angle B A D, be the apparent Diameter 
of any Planet, End AB, or AD, (which by 
reafon of the great Diftances of the Planets 
in refpeft of their Magnitudes) may be con- 
fidered as being the Diftance of the faid 
Planet from the Obferver. Now in the Tri- 
angle A B D, having the Sides A B, A D, 
given, and the Angle A, we have alfo the 
other Angles B and D, (becaufe the Sides 
A B, A D~ arc equal) whence th? Side B D 
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the Diameter of the Planet may be eafily 
found by Trigonometry. 

From hence it appears, that the fame Bo- 
dy at different Diftances, willfeem to have 
very different Magnitudes : Thus the Dia- 
meter B D will appear from the Point E, 
to be twice as large as from the Point A. 
It aifo follows, that a fmall Body, when 
at no great Diftance from us, may appear 
to be equal, or even to exceed another at g, 
great Diftance, tho' immenfely bigger. 
Thus b d appears under the fame Angle, 
and confcquently of the fame Bignefs from 
the Point A, that the Line B D doth, tho" 
one vaftly exceeds the other. And this is Moon ap. 
the Reafoii, why the Moon, which is much pears big- 
kfs than any of the Planets, appears to us S^'' ^'j*" 
vaftly bigger than either of them, and even piLen. 
to equal the Sun himfelf, which is many 
thoufand Times greater in Magnitude. 

The Diftances of the Planets, and Pe- 
riods round the Sun, their Diameters and 
Velocities round their own Axis, according 
to modern Computations, are as follow : 
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Jupiter 

Mars 

Earth 

Venus 
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Diftance in 

Miles. 

777.00Q.000 

424.000.000 

123.000.000 

8i.ooo»ooo 

59.060.000 

32.000.000 



Moon 
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Earth. 327:7:43 
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Saturn 

jfupiter 

Mars 

Earth 

Venus 

Mercury 

Moon 



Periods round 
their own Axis 
D. H. M. 
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The Caufe of Ecltpfes and Phafes of 
the Moon, and fome other Phaenomena not 
here explained, (hall be fliewed when we 
come to give a Defcription of the Orrery. 

Befides the Planets already mentioned> 
there are other great Bodies that fometimes 
vifit our Syftem, which are a Sort of Tem- 
porary Planets j ^ for they come and abide 

with 
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ifor awhile, and afterwards with- 
jfti us, for a certain Space of Time, 
pich ihey again return. Thefc wan- 
[ Bodies arc called Comets. , 
\ Motion of Comets in the Heavens, 0''C'«wft. 

» to the beft Obfervations hitherto 
Iteem to be regulated by the fame 
ble Law that rules the Planets ; for 
j'bitsare Elliptical, like thofe of the 
I .but vailly narrower, or more Ex- 
Yet they have not all the fame 
^ 9n with the Planets, who move from 
I Eaft, for fome of the Comets 
i-oin Eaft to Weft j and their Orbits 
lifFerent Inclinations to the Earth's 
fome inclining Northwardly, others 
wardly, much more than any of the 
tary Orbits do. 

rho' both the Comets and the Planets 

: in Elliptic Orbits, yet their Motions 

to be vaftly different : For the Excen- 

jes of the Planets Orbits are fo fmall, 

they differ but little from Circles ; 

the Excentricities of the Comets are 

very great, that the Motions of fome of 

m feem to be almoft in right Lines, 

.ding dircdly towards the Sun. 

Now, fince the Orbits of the Comets arc 

extremely Exceniric, their Motions, 

hen they are in their Perihelia, orneareft 

'iftance from the Sun, muft be much fwif- 

;r than when they are in their yJpkeliat or 

heft Diftance fromhimj which is the 

Tf '. Rcafoij 
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Rcafon why the Comets make fo ftioft 
Stay in our Syftem ; and when they dif- 
appear are fo long in returning. 

The Figures of the Comets are obferved 
to be very different ; fome of them fend 
forth fmall Beams like Hair every Way 
round them ; others are feen with a long 
fiery Tail, which is always oppofite to the 
Sun. Their Magnitudes are alfo very dif- 
ferent, but in what Proportion they exceed 
each other, is as yet uncertain. Nor is it 
probable, that their Numbers are yet 
known, for they have not been obferved 
with due Care, nor their Theories difco- 
veredjbutof late Years. The Ancients were 
diviJed Jn their Opinions concerning them ; 
fome imagined that they were only a Kind 
of Meteors kindled in our Atmofphere, and 
were there again diflipated ; others took 
them to be fome ominous Prodigies : But 
modern Difcovcries prove, that they aro 
Worlds fubjed to the fame Laws of Mo- 
tion as the Planets are ; and they muft be 
very hard and durable Bodies, el fe they 
could not bear the va(t Heat which fome 
of them, when they are in their Perihelia, 
receive from the Sun, without being utterly 
confumed. The great Comet which ap- 
pear'd in the Year i6i^o, was within ^Vitt 
of the Sun's Diameter from his Surfaces 
and therefore its heat muft be prodigioufly 
intenfe beyond Imagination. And when 
it is at its greateft Diflance-ffdm the Sur»i 
the Cold muft be as rigid. SECT. 
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Sefl. 2. Of the Fixed Stars. 

«S E C T. II. 
Of the Fixed Star s.,:, ',^^ 
HE fixed Stars are thofe bright ana' 
(hlning Bodies, which in a clear Night 
appear to us everywhere diiperfed through — 

the boundlefs Regions of Space. They are 
lerm'd fixed, becaufe they are found to 
keep thefame immutable Diflance one from 
another in all Ages, without having any of 
the Motions obferved in the Planets. The The fixed 
fixed Stars are all placed at fuch immenfe fursareat 
Diftanccs fronn us, that the beft of Tele- oiAancc 
fcopesrepreft-nt them no bigger thanPoints, i">^ "s- 
without having any apparent Diameters. 

It is evident from hence, that all the Stars The fixed 
are luminous Bodies, and Ihine with their ^'^^ af<= 
own proper and native Light, elfe they Bodies 
could not be feen at fuch a great Diftance. i'ke the 
For the Satellites of Jupiler and Saturn, ^'"'■ 
tho' they appear under confiderabte Angles 
through good Telefcopes, yet are altoge- The Dif- 
ther invifible to the naked Eye. us"!" the"" 

Although the Diflance betwixt us and the Sunis n<»- 
Sun is vaftly large, when compared to the c^JIfp^. 
Diameter of the Earth, yet it is nothing fon of iho 
whcncomparedwitlitheprodigiousDiflance J"^*'^ ^'^ 
of the fixed Stars ; for the whole Diameter the fixed 
"■jl of Sun. 
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of the Earth's Annual Orbit, appears from 
theneareft fixed Starno bigger than a Point, 
and the fixed Stars are at leaft loo.oootinies 
farther from us than we are from the Sun ; 
as may be demonftrated from the Obferva- 
tion of thofe who have endeavoured to find 
the Parallax of the Earth's Annual Orb, or 
the Angle under which the Earth's Orbit 
appears from the fixed Stars. 
AsioAp- Hence it follows, thattho' we approach 
Ih"Ear^ nearer to fome fixed Stars at one Time of 
may be the Year than we do at the oppofite, and 
cMiiideied that by the whole Length of the Diameter 
iheCenire ^^ ^hc Earth's Orbit ; yet this Diftance be- 
ef the ing fo fmall in comparifon with the Dif- 
Hcavcns. ^^^^^ ^f jj^^ ^^^^ ^izv^, their Magnitudes 

I or Pofitions cannot thereby be fenfibly al- 

tered; therefore we may always, without 
Error, fuppofe ourfelves to be in the fame 
Center of the Heavens, fince we always 
"*. have the fame vifible Profpcd of the Stars 

without any Alteration. 
If a Speitator was placed as near to any 
fixed Star, as we are to the Sun, he would 
there obferve a Body as big, and every way 
I , like, as the Sun appears to us : and our Sun 

Hie fixed would appear to him no bigger than a fixed 
StMs arc Star: and undoubtedly he would reckon the 
^i""*- Sun as one of them in numbering the Stars. 
Wherefore fince the Sun differeth nothing 
from a fixed Star, the fixed Stars may be. 
reckoned fo many Suns. 
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Itisnot reaibnableto Aippofe that all ihe 
fixed Stars are placed at the fame Diilance 
from us J but it is more probable that they J*"^^ ^*'* 
are every where interfperfed thro' the van: at vaft 
indefinite Space of the Univerfe ; and that DiKance 
there may be as great a Diilance betwixt odiw* 
any two of them, as there is betwixt our 
Sun and the neareft fixed Star. Hence it 
follows, why they appear to us of different 
Magnitudes, not becaufe they really are fo, 
but becauie they are at different Djftances 
from us i thofe that are neareft excelling 
in Brightnefs and Luftre thofe that are 
moft remote, who give a fainter Light, 
and appear fmaller to the Eye. 

The Aftronomers diftribute the Stars into The Dif- 
feverat Orders orClaffesi thofethat are near- ^/''thc'"' 
efttous and appear brightcft to the Eye, are sursinto 
called Stars of the firft Magnitude j thofe ^ '^'*^"- 
that are neareft to them in Brightnefs and 
Luftre, are called Starsof the fecond Magni- 
tudej thofe of the third Clafs, are ftiled Stars 
of the third Magnitude; and fo on, until we ••^ 

come to the Stars of the fixth Magnitude, 
which are the fmalleft that can be difcerned 
by the naked Eye. There are infinite Num- 
bersof fmaller Stars,thatcaD be feen through 
TelelcQpes; but thefe are not reduced to any 
of the fix Orders, and are only called 7e- Oifdif. 
lefi:opka\%\-&\%. It may be here obferved, ^^^. 
that tho' the Aftronomers have reduced ajl 
the Stars that are vifible to the naked Eye, 
ome one or other of thefe Clafles, 




ij|0 7;^^ INTRODUCTION, 

we are not to conclude from thence that all 
die Stars anfwer exaflly to fome or other of 
^ ' ihcfe Orders i but there may be in Reality 
as many Orders of the Stars as they are in 
" Number, few of them appearing exaflly of 

.^iii , the fame Bignefs and Luftre. 
^ The ancient Aftronomers, that they 
Itiightdiftinguifh the Stars, in regard to their 
Situation and Pofition to each other, divided 
the whole ftarry Firmament into feveral 
^JlerifmSf or Syftems of Stars, confiding of 
thofe that arc near to one another. Thefc 
diteifed" ^y^f'^J are called Conjieliatioris, and are 
into Con- 4igefted into the Forms of fome Animals ; 
fleiiation. ^^ Mtn, Llons, Bears, Serpents, &c. or to 
the Images of fome known Things j as, of 
a Crown, a Harp, a Triangle, G'f. 
" The Starry Firmament was divided bjr 

^^ ^ the Ancients into 48 Images or Conftella- 

^& tions; twelve of which they placed in that 

^H Part of theHeavens wherein are thePlanee 

^™ of the Planetary Orbits ; which Part is 

Zuiioc. called the Zodiac, becaufe mbft of the Con- 
I ilellations placed therein refemble fome 

^^H living Creature, The two Regions of the 

^^^ft Heavens that are on each Sideof theZi:z/t- 

^^P 'iac, are called the North and South Farts 

of the Heavens. 
Condeila- The ConftellatloHs within the Zodiac 
■ are, i. Aries, the Ram ; 2. 'taurus, the 
Bull; 3. Gemini, the Twins; 4. Cancer, 
5. LeOt the Lion ; 6. Virgo, the 
'j< , ji! Virgin -, 
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f^rgirt ; 7. Liira, the Balance ; 8. Scorpio, 
the Scorpion ; 9. Sagittarius, tha Archer j 
10. Capricornus, xhtGoat; 11. Aquarius ^ 
the fi^ater- Bearer ; and, 12. i*//cM, the 

The Conftellations on the North Side co"ST 
of the Zodiac are Twcnty-one> v/ai; ,ions. 
the Little Bear ; the Grfc/ Bear j the 
Dragon ; Cepheus, a King of Ethiopia -, ^J 
Bootesy the Keeper of the Bc^r ; the A'br- ^| 
t/jtm Crown; Hercules with his Clu.b ^H 
watching the Dragon ; the Hiir/ j the 
Swan i Cajfiopeia ; Perfius ; Andromeda ; 
the Triangle j Auriga ; Pegafus, or the 
Flying Horfe ; Equuleus -, the Dolphin i 
the ^rrsw ; the ^j^/f ; Serpentarius -, and 
the Serpent. 

The Conftellations noted by the Ancients Southern 
on the South Side of the Ze^wc, were fif- lH^^^' 
teen, i;/z. the JVhale ; the River Eridanus ; 
the Hsr? ; Or/on ; the Great Dcg ; !,/>//? 
Dog; the Ship -^r^o j H)dra ; the Centaur} 
the Ca/) ; the Crom ; the ff^olj; the ^/f<2r ; 
the Southern Crown ; and the Southern Fijh, 
To thefe have been lately added the follow- 
ing, viz. The Phcenix ; the Crane ; the 
Peacock 1 the Indian ; the Birdof Para- 
dife ; the Southern 'Triangle ; the f/y ; G7- 
mcleon ; the Flying Fiji} j Toucan, or the 
American Goofed the Water Serpejit, and 
the Sword Fiji.'. The Ancients placed thofe 
particular ConlUllations or Figures in the 
Heavens, 



The Ga 
iaxy or 

Milif 



m 



7be INTRODUCTION; 

Heavens, either to commemorate the Deed* 
of feme great Man, or of fome notable Ex- 
ploit or A(ftion ; or elfe took them from the 
Fables of their Religion, &c. And the Mo- 
dern Aftronomers do Hill retain them, to 
avoid the Confufion that would arife by 
making new ones, when they compare the 
modern Obfervations with the old ones. 

Some of the principal Stars have parti- 
cular Names given them, as Syrius, ArBu- 
rusy &c. There are alfo fevcra! Stars that 
are not reduced into Conftcllations, and 
thefe zvt csWcAUnJormed Stars. 

Befides the Stars vifible to the naked Eye 
there is a very remarkable Space in the 
Heavens, called the Galaxy, or Milky Way, 
This is a broad Circle of a whitifli Hue, 
like Milk, going quite round the whole 
Heavens.and confifting of an infinite Num- 
ber of fmali Stars, vifible thro" a Telefcopc, 
tho' not difcernible by the naked Eye, by 
reafon of their exceeding Faintncfs ; yet 
with their Lightthey combine to illuftrate 
that Part of the Heavens where they are, 
and tocaufe thatfhining Whitenefs. 

The Places of the fixed Stars, or their 
relative Situations one from another, have 
been carefully obferved by Aftronomers, 
and digefted into Catalogues. The firft a- 
inong the Greeks, who reduced the Stars 
into aCatalogue, was Hypparcus, who, from 
his own Obfervations, and of thofe who 
""* lived 
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lived before him, inferted 1022 Stars into 
his Catalogue, about 120 Years before the 
Chriftian Mra : This Catalogue has been 
fince enlarged and improved by leveral 
learned Men, to the Number of 3000, of 
which there are a great many Telef opical, 
and not to be difcerned by the naked Eye j 
and thefe are all ranked in the Catalogue 
as Stars of the feventh Magnitude. 

It may feem ftrange to fome, that there are 
no more than this Number of Stars vifiblc 
to the naked Eye ; for fometimes in a clear 
Night they fecm to be innumerable : but 
this is only a Deception of our Sight, arifing 
from their vehement fparkiing, while we 
!ook upon them confufedly, without re- 
ducing them into any Order ; for there can 
ieldom be feen above 1000 Stars in the 
whole Heavens with the naked Eye at the 
fame Time ; and if we fliould diftiniflly 
view them, we fliall not find many but what 
are inferted upon a good Celejlial Globe. 

Altho' the Number of Stars that can be 
difcerned by the naked Eye are fo few,, yet 
it is probable there are many more whicli 
are beyond the Reach of our Opticks, for 
thro' Telefcopes they appear in vaft Multi- 
tudes, every where difperfcd throughout the 
whole Heavens ; and the better our Giaflcs 
are, the more of them we ftill difcover. The 
ingenious Dr. Hook has obfcrved 78 Stars 
in the Pleiades^ of which the naked Eye is 
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• never able to difcern above 7 ; and 

rion, which has but 80 Stars in the Britijh 
Catalogue, {and fome of them Telefcop'ical) 
there has been numbered 2000 Stars. 
t£%\f '^^^oie who think that all thefe glorious 
verfe. BodJcs were created for no other Purpofe, 
than to give us a little dim Light, muil enter- 
tain a very flender Idea of the Divine Wif- 
dom ; for we receive more Light from the 
Moon itfelf, than from all the Stars put 
together. And fince the Planets are fub- 
jedlto the fame Laws of Motion with our 
Earth, and fome of them not only equal, 
but vaflly exceed it in Magnitude, it is not 
unreafonable to fuppofe, that they are all 
habitable Worlds, And iince the Fixed 
Stars are no wayfi behind our Sun, either 
in Bignefs-or Luftre, is it not probable, 
that each of them have a SyAem of Plane- 
tary IVorlds turning round them, as we do 
round our Sun ? And if we afcend as far 
as the fmalleft Star wecan fee, (hall we not 
then difcover innumerable more of thefe 
glorious Bodies, which now are altogether 
invifible to us ? And fo ad infinitum, thro* 
the boundlefs Space of the Univer/e. What 
a magnificent Idea mull this raife in us of 
the Divine Being / Who is every where, 
and at all Times prefeiit, difplaying his Di- 
vine Power, Wifdom and Goodnels amongft 
ail his Creatures ! 

The 
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The DESCRIPTION and 

USE of the Celestial and 
Terrestrial Globes. 

j Ghbt or Sphere is a round folid gjj' »' 
Body, having every Part of its 
Surface equally diftant from a 
Point within it, called its Center ; 
and it may be conceived to be formed by 
the Revolution of a Semicircle round its 
Diameter. 

Any Circle pafling through the Center 
of the Sphere, thereby dividing into two 
equal Parts or Segments, is called a Great Gnat Qr. 
Circle ; and the Segments of the Sphere fo '^* 
divided are called Hemiffberes. y^^- 

Evcry Great Circle has its Poles and Axis, jf-iw^j. 
The Poks of a Great Circle are two pet„. 
Points on the Surface of the Sphere diame- 
trically oppofite to one another, and every 
where equally diftant from the laid Circle. ■^"• 

The Axii of a Circle is a right Line 
pafling through the Center of the Sphere, 
and through the Poles of the laid Circle, 
and is therefore perpendicular to the Plane: 
Therefore 
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All Circles paffing through the Poles of 
any great Circle, Interfed: it in two Places 
diametrically oppofite, and alfo at right 
Angles ; and with refpedt to the faid Great 
Circle, they may be called its Si'ciaidaries. 

All Circles dividing the Sphere into two 
unequal Parts, are called li'ffer or parallel 
Circles, and are ufually denominated by that 
Great Circle to which they are parallel. 

The Earth being globular, its outward 
Parts, as the feveral Countries, Seat, S^c. 
are beft, and mofl naturally reprefented up- 
on theburficesof a Globe J and when fuch 
a Body has the outward Parts of the Earth 
and Sea delineated upon its Surface, and 
placed in their natural Order and Situation, 
it is called a Terre/irial Ghbe. 

The Celeftial Bodies appear to us as if 
they were all placed in the fame -Concave 
Sphere, therefore Aftronomers- place the 
Stars according to their refpcdive Situations 
and Magnitudes, and alfo the Images of the 
Conftcllations, upon the external Surface of 
a Globe i for it anfwers the fame Purpofes 
as if they were placed within a Concave 
Sphere, if we fuppofe the Globe to be 
tranfparent, and the Eye placed in the Cen- 
ter. A Globe having the Stars placed upon 
its Surface, as above defcribed, is called a 
Celepel Globe. Thefe Globes are both 
placed in Frames, with other Appurtenances, 
as ihall be defcribed in a proper Place. 

The 
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The principal Ufes of thefe Globes (be^'riie priS- 
fides their ferving as Map, to diaingulfh oTth?'* 
the outward Parts of the Earth, and the Si- Giohj 
tuations of the Fixed Stars) is to explain and 
refolve the Phjenomena arifing from the 
diurnal Motion of the Earth round its Axis. 

It has been fliewed in the IntroduiSion, 
that the Diftance of the Earth from the Sun 
is no more than a Point, when compared 
with the immenfe Dirtance of the Fixed There 






Point foever of her Orbit, there will be the fpeflot 
fame Profped of the Heavens, as a Spedator g^f "** 
would obferve did he refide in the Sun ; whether 
And if feveral Circles be imagined to pafs '■^^ ^P^c- 
thro' the Center of the Earth, and others, placed on 
parallel to them, be conceived to pafs thro' the Earth, 
the Center of the Sun, thefe Circles in the g'^'"^''^ 
Heavens will feem to coincide, and to pafs 
exactly thro' the fame Stars. Wherefore as 
to the Appearances of the Fixed Stars, it Is 
indifferent whether the Earth or the Sun be 
made the Center of the Univerfe. But 
becaufe it is from the Earth that we always 
obferve the Celeflial Bodies, and their ap- 
parent Motions feem to us to be really 
made in the Heavens, it Is more natural in 
explaining the Phasnomena arifing from 
thefe Motions, to place the Earth in the 
Center. And again, becaufe the Semidia- 
mcter of the Earth, when compared to her 
Diflance from the Sun, is of no fenfiblc 
D 3 Mag- 
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Magnitude, any Point upon the Earth's 
Surface, let her be in what Part foever of 
the Orbit, may be confidered as being the 
Center of the Univerfe. Upon thcfe Prin- 
ciples, the different Phsenomena arifinj 
from the diurnal Motion of the Earth, am 
the different Situation of a Spedlator upon 
its Surface, are very naturally illuftrated 
and explained by the Globes. 

As to the Alterations of Seafons, G?r, 
arifing from the annual Motion of the Earth 
round the Siin, it is indifferent which we 
fuppofe to move, the Earth, or the Sun j 
for in both Cafes the Effedt will be the fame : 
Wherefore becaufc it is the Sun that appears 
to us to move, we fay the Sun is in fuch a 
Part of the Ecliptic, without attributing 
any Motion to the Earth, any more than 
if fhe had adiually been at Reft. For the 
fame Reafon we fay the Sun rifes, or the 
Sun fets I by which we mean, that he begins 
to appear or difappear, without confidering 
in the leafl how thefe EfFefts are produced. 
Thcfe Things are here mentioned, to obviate 
the Objeftions that might be made by Be- 
ginners, after they had been told that the 
Sun ftands ililK 
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Explanation of the Circles of the 
Sphere^ and of fome AJironoinical 
'terms arifing therefrom. 



IN Order to determine the relative Si- 
tuations of Places upon the Earth, as 
well as the Pofitions of the fixed Stars, 
and other Celeftial Phenomena, the Globe 
of the Earth is fuppofed to be inviron'd by 
feveral imaginary Circles, and thefe are 
called the Circki of the Sphere. Thefe 
imaginary Circles are either fixed, and al- 
ways obtain the fame Pofition in the Hea- 
vens, or moveable, according to the Pofi- 
tion of the Obferver. 

Thofe Circles that are fixed, owe their 
Origin to the two-fold Motion of the Earth, 
and are the Equator^ the Ecliptic, with 
their Secundariei and Parallels. "Thefe fixed 
Circles are ufually delineated upon the Sur- 
face of the Globes. 

The moveable Circles are only the Ho- 
rizon, its Secundaries and Parallels : Thefe 
are reprefcnied by the V/ooden Frame, and 
" "" herein the Globe 
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I and a thin Plate of Brafs to be fcrewed in 
a proper Place upon the faid Ring, as Occa- 
fion requires. 



I. Of the EqumSliaL 



I. The Equator or the EguiaoSHal, is 
KEji'a- that Great Circle in the Heavens, in whofe 
'nroiE. Plane the Earth performs her diurnal Mo- 
tion round her Axis ; or it is that Oreat 

I Circle, parallel to which the whole Heavens 

feem to turn round the Earth from Eaft to 
Weft in 24 Hours. 
Note^ The Equator and the Equinodtial 
arc generally fynonymous Terms; but fome- 
times the Equator particularly fignifies that 
Great Circle upon the Surface of the Earth, 
which coincides with the Equino(ftiaI in the 
Heavens. This Circle is alfo by Mariners 
commonly called the Line. 
The Equinodlial divides the Globe of the 
Earth, and alfo the whole Heavens into two 
..,r:iitr« equal Parts, North and South, which are 
Z^hTJI' called the Nortbt-rn and Southern Hcmi- 
ffheri,. fpberes. The Axis of this Circle is called 
The Axis the Jxii of the V/arU^ or the Earth's Jxis^ 
%-^lj becaufe the Earth revolves about it (from 
Weft to Eaft) in 24 Hours. The Extremes 
^'"f'^' of this Axis are called the P^lcs of the 
CibtE- ^'^'"M whereof that which lies in the 
Northern Hemirphere, is called the North 
Pole, and the other is called the South Pole. 
The 
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The Equino£lial Circle is always deline- 
ated upon the Surface of each Globe, with 
its Name at length exprelTed ; the Axis of 
this Circle or the Earth's Axis, is only an 
imaginary Line in the Heavens, but on the 
Globes it is exprefled by the Wires about 
which they really turn. The Poles of the 
World are the two Poiuts upon the Surface 
of the Globe through which thefe Wires 
pafs ; the North Pole is that which hath the 
little Brafs Circle, with a moveable Index 
placed around it; and the other oppofite to 
it is the South Pole. The Northern Hemi- 
fphere is that wherein the North Pole is 
placed, and the oppofite one is the Southern 
Hemifphere. 

The Aftronomers divide all Circles into 
360 equal Parts, called Degrees, each De- 
gree into 60 equal Parts, called Minutes, 
each Minute into 60 Seconds, &c. But be- 
fides this DJvifion into Degrees, the Equi- 
noflial is alfo divided into 24 equal Parts 
or Hours, each I 'our into 60 Minutes, 
each Minute into 60 Seconds, &c. fo that 
one Hour is equal to 1 5 Degrees, each Mi- 
nute of Time is equal to 15 Minutes of a 
Degree, ©'c. 

2. All Circles conceived to pafs through 
the Poles of the World, interfering the 
Equino^ial at right Angles, are with re- eu^„cir- 
fpedt to any Point in the Heavens called f/"</-/- 
ihur Circles; and alf*? Circles of jljcenfon,^^"^^^^' 

be- Mtri£an 
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bccaufc the Afccnfion of the heavenly Bo- 
' dies, from a certain Point, are by them de- 
termined. 

Thefe Circles are alfo, with regard ta 
Places upon Earth, caird Meridians. 

Tht Meridians are commonly drawn up- 
on the Tcrreftrial Globe thro' every 1 5 De- 
grees of the Equinoctial, thereby making an 
Hour difference betwixt the Places through 
which they pafs. On the Celeflial Globe 
there are commonly drawn but two of thefc 
Meridians^ croffing the Equinoctial in four 
Points equidiftant from one another, there- 
by dividing it into four Quadrants ; but 
the intermediate ones are here fupplied, 
and alfo upon the Terreftrial Globe, by the 
Brafs Circle on which they are hung, which 

22* Jr^/f is therefore called the Brafs Meridian^ and 
^' fometimes only the Meridian^ it fcrving for 
this Purpofe to all the Points upon either 
Globe. 

' There is alfo a little Brafs Circle fixed up- 
on this Meridian, divic^ed into 24 Hours^ 
having an Index moveable round the Axis 
of the Globe to be turned to any particular 
Hour. TheUfe of this Circle is to (hew 
the Difference of Time betwixt any two 

The Hour Meridians, and is therefore called the Haur^ 

^'''''^ Circle. 

3. All Circles parallel to the Equinoftial 
are with refpeft to any Point in the Hea- 

F^raihis ^^^ ^^„gj Parallels of Declination. So 

iign. chat, 

4. The 
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4. The Declination of any Point in the 
Heavens [as of the Sun, % fixed Star, or the 
like) is an Arch of the Meridian paffing 
through that Point, and intercepted betwixt 
it and the Equator ; and if the i'aid Point be 

, f Northward 7 r . t> . •. • 
''''^^ isouthwardr^^*'^^^"^'^'"*"" 

*^^"^'' 1 South l^'^'^^'^^f'^"- S'rfh 

Of the Parallels of Declination, four 
are eminently didingulihed by particular 
Names, viz. The two Tropics, and the two ^'■epicr 
Po/ar Circles. arcit"." 

The Tropics are on different Sides of 
the Equator, each 23 Degrees and 29 Mi- 
nutes didant from it, that which lies in the 
Northern Hemifphere, it called the Tropic W" '/ 
of Cancer % and the Southern one, the Tro- JcZri. 
pic of Capricorn. tom. 

Thefe Circles are the Limits of the Sun's 
greateft Declination, and are called Tro- 
pics, becaufe whenever the Sun arrives to 
them, he feems to return back again to- 
wards the Equator. 

6. The Polar Circles are each of them 
at the fame Diflance from the Poles of the 
World, that the Tropics are from the 
Equator, viz. 23° 29'. That which lies near . „. 
the North Pole, is called the Jrctic Grck, c,n'u. 
from ArSios, 2. Conflellation fituated in the 
Heavens near that Place ; whence alfo this 
Pole is fometimes called the Ar^ic Pole, ff" 
The 
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The other Polar Circle, which is iituated 
near the South Pole, is called the AntarSiic 
Circle, becaufe its Pofition is contrary to 
the other ; and the South Pole is fometinies 
called the AntarBic Pole. 

The Tropics and the Polar Circles have 
each their Names cxpreffed upon the Globes. 

II. Of the Ecliptic. 

7. The Ecliptic is that great Circle in 
whofe Plane the Earth performs its annual 
Motion round the Sun j or, in which the 
Sun feems to move round the Earth once in 
a Year. This Circle makes an Angle with 
the Eqiilnoftial of 23 Degrees, 29 Minutes, 
and interfefe it in two oppofite Points, 
which are called the EquinoBial Pointi ; and 
the two Points in the Ecliptic that are at the 
greateft Diltance from the Equinoflial Points, 
are called the Solftitial Points. The two 
Meridians pafilns; through thofe Points 
are, by Way of Eminence, called Colures ; 
whereof that which paffeth thro' the Equi- 
no(3ial Points is called the EqulnoBial Co- 
lure ; and that which is at Right Angles to 
it, pafling through the Solftitial Points, is 
called the Sol/lit. ai Coiure. 

The Ecliptic is divided into 12 equal 
Parts, called Signs, each Sign being 30 De- 
grees, beginning from one of theEquinodial 
Points, and numbered from Weft to Eaft ; 
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the Names and Charaders of the 12 Signs 
are as follows: "viz. 

Ariel, Teurui, Gemiiti, C^nier, Ln, Virgn. 

i.<V a. H 3" ^- =s i-Sl 6. iiE 

Libra, Sterfit, Sfgittariur, C.^firicornui, Ajoariui, Pifit', 

j.ii 8. tri 91 10. y 11. ;= u. M 

The firft fix of thefe are called the North- JJ^*'™ 
ern Signs, and poffefs that half of the 
Ecliptic which is to the Northward of the 
Equator ; beginning with the firft Point of 
'V, and ending with the laft Point of "W. 

The latter fix are call'd the Southern IfJ^^" 
Signs, becaufetheypoflefs the Southern Half 
of the Ecliptic, beginning at the firft Point 
of ^, and ending with the laft Point of X. 

The Divifion of the Ecliptic into Signs, 
and the Names of the Colours, are particu- 
cularly exprefled upon the Globes. 

The Signs of the Ecliptic took their 
Names from 12 Conftellations mentioned 
in the IntroduSion to be fitaated in the 
Heavens near thofe Places. It is to be ob- 
ferved, that the Signs are not to be con- 
founded with the Conftellations of the fame 
Name : For the Sign of Aries is not the 
fame with the Confiellation Aries ; the lat- 
ter is a Syftem of Stars digefted into the 
Figure of a Ram ; but the Sign of jiria is 
only 30 Degrees of the Ecliptic counted 
from the Equinoctial Point t, (which is 
reckon'd the firft Point in the Ecliptic) to 
the Beginning of Taurus : Or, it is fome- 
times taken for all that Space upon the Ce- 
leftial 
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Ileftial Globe contained between the twq 
Circles pafljng through the firll Points of 
■v and » . What has been here faid of Aries^ 
is to be noted of all the reft of the Signs. 
TheConftellations above-mentioned werd 
formerly fituated within the Signs which 
now bear their Names ; but by a flow Mo- 
tion of the Equinoiflial Points, being one 
Degree in 72 Years, the Conftellation ^r;« 
has now got into the Sign », and fo of the 
reft. So that FiJ'ccs is now got into the 
Sign of T ; this flow Motion in the Hea- 
vens is called the Procejfwn of the Equinoxes. 
By this Motion we fhall have the Sea- 

■ fons of the Year fall at quite oppofitc Times, 
viz. the Summer Solllice in December, and 
the Winter in "June. 
P»Ui if the The Poles of the Ecliptic are both fitu- 
Ee/'ftie. gjgjj i^ j[^g Solftitial Colure, at 23 Degrees, 
29 Minutes Diftance from the Pole of the 
World ; and they take iheir Denomination 
from the Hemifphere whereintheyare plac'd, 

viz. that which lies in the|g^°'^^^_.'^| He- 
mifphere, is called the<i g ^i > Pole ol 

the Ecliptic. The Arfl:ic and Antarftic 
Circles are defcribed by the Poles of the 
Ecliptic in the Diurnal Motion of the 
Earth round its Axis, whence it feemsthcfe 
two Circles are called Pohir. 

8. All great Circles paffing tlirough the 
Poles of the Ecliptic, and confequentiy 
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interfering it at right Angles, are called ^^'•^^^^ 
Circles of Longitude: So that, . ^^^''^• 

9. The Longitude of any Point in the longihtdi 
Heavens, (as a Star or Planet^ &c.) is an f^nyP*^ 
Arch of the Ecliptic contained between ^^^^^^^^ 
the Circle of Longitude pafiing thro' that 
Point, and the Equinodlial Points. And 

that Degree of any. Sign which lies under 
the Circle of Longitude, pa^ng thro' any 
Star or Planet, is called the Place of that P^ace ef « 
Star or Planet. ^^"^^ 

Note^ The Sun never goes out of the 
Ecliptic, and it is not ufual to fay the Sun's 
Longitude, but we commonly exprefs it the 
Sun*s Place y which is that Sign, Degree, Mi- 
»ub?i ! &c. of the Ecliptic, which he at any 
Timcpaffes, 

10. All Circles conceived . to be drawn 
mrallel to the Ecliptic^ are called Parallels of 
Latitude : Sp that, 

II.: The Latitude of any Point in the l^itMde4f 
Heavens, (as a Fixed Star, G?c. is an Arch^^'^*^ 
of the Circle of Longitude, in pafling thro' 
that Point, and intercepted betwixt it and 
tljie Ecliptic 1 Qr, . the Latitude is the Dif*- 
tance from the Ecliptic ; and if the fajid 
Point be to the Northward of the Ecliptic, k 
is called North Latitude ; but if it; be to \hp 
Southward, it is called South Latitude. ,\ 

Upon the 7errejlrial Globe none of tl^ 
Circles of Longitude, arc described ; and 
upon the Celejtial^ they ^e commonjjly 

drawn 
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drawn thro' the Beginning of every Sign'^ 
but they are all fupplied upon both Globes, 
by fafteninga thin Plate of Brafs over one 
of the Poles of the Ecliptic, and fo as to be 
moved to any Degree thereof at Pleafure. 
The Parallels of Latitude aie alfo fupplied 
by the Graduations upon the faid Plate, as 
fliall be Ihewn in a proper Place. 

We have novpdone with all thofe Circles 
that are fixed, and fuch as are drawn upon 
the Globes themfelves; we next proceed to 
the moveable Circles. 

III. Of the Horizon. 

12. The Horizon is that great Circle 

• which divides the upper or vifible Hemi- 
fphere of the World, from the lower or 
invifible : This Circle is difllnguifhed into 
two Sorts, the Benfible, and the Rational. 
Senfihit . The Senfible, or Apparent Horizon, is that 
lfc"'w«. Circle which limits or determinates our 

IProfpe(5t, whether wc are at Land or Sea, 
reaching as far as we can fee ; or it is that 
Circle where the Sky and the Earth, or 
Water feem to meet. When we arc on 
'Terra Firma, this Circle commonly feemX 
rugged and irregular, occafioned by the Un- 
cvennefs of the Ground terminating our 
Profpeft ; but at Sea there are no fuch Irre- 
gularities ; theScmidiameter of this Circle 
varieth according to the Height of the Eye 
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of the Obferver ; if a Man of fix Feet high 
ftood upon a large Plain, or the furfacc of the 
6ea, he could not lee above three Miles round. 

This Circle determines the Kifmg and 
Setting of the Heavenly Bodies, and diftin- 
guiihes Day and Night. 

The Rational or true Horizon is a great ^""f"' 
Circle paffing thro' the Center of the Earth ""***■ 
parallel to the fenfible Horizon, being di- 
liantfrom it by the Earth's Semidiameter, 
which is about 3980 Miles : This Diftance 
is nothing in Comparifon of. the immenfc 
Diftance of the Sun and the fixed Stars, 
therefore Aftronomers make no Diftinflion 
between thefe two Circles, but confider the 
apparent Horizon, or that wherein the Sun 
appears to rife and fet, as palTing thro' the 
Center of the Earth- 

This Circle is divided by Aftronomers 
into four Quadrants, and each of the Qua- 
drants into 9c Degrees, Gfr. The four Points 
quartering this Ciicle are called the Cardi- ^ ,. . 
nal Points^ and are termed the Eaft, Wejl, Pointttf 
North and South, The Eii/l is that Point 'l"^«'^'- 
of the Horizon where the Sun rifes when '^''"' 
he is in the Equinoftial . or on that Day 
when l.e afcends above the Horizon exaiftly 
at fix o'clock ; and the H'eji \s that Point 
of the Horizon which is diredtly oppofite 
to ihe Eaft, or where the Sun fets when he 
is in the Equinoctial. The S-Mib is go De- 
grees, diftanl from the Eaft and Weft, and 
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is towards that Part of the Heavens wherein 
the Sun always appears to us in Great Bri- 
tain aX. Noon; and the Noiih is that Part 
of the Heavens which is direftly oppofite 
to the South : Or the North and South 
Points of the Heavens may be found by 
turning yourfelf either diredtly towards the 
Eaft or the Weft ; If you look towards the 
rEafl: \ , fSouth ^, .,, , ^ ^, „. ,^ 
(wcft j'*'=lNorthi-"'"'"= '° "^= ^'&^' 

Hand, and the •{ ^ ,u )'^° ^^^^ Left. 

Befidcs the atorementioned Divifion of 
the Horizon into Degrees, Mariners divide 
it into 32 equal Parts, which they call the 
Poinii of the Ccmpcfi ; to each of which 
Points they gave a particular Name, com- 
pounded of the four Cardinals, according to 
what Quarter of the Conipafs is intended. 

The Center of the Horizon is the Place 
of Observation, and the Poles of it are, one 
exattiy over our Heads, called t^t Zenith ; 
and the other exactly under our Feet, called 
the Kadtr. 

13, All Circles conceived to pafs thro' 
the Zenith and Nadir, are called Vertical 
Circles, or Azimuths. Of thefe Circles, 
that which paffesthro' the North and South 
Points of the Horizon, is called the Meri- 
dian ; fo that when any Objeft is upon 
the Meridian, it then bears either due South 
or due North from us -, and the Azimuth of 
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any Objeft is an Arch of the Horizon inter- 
cepted between the Vertical Circle pafling 
through it, and either the North or South 
Part of the Meridian ; which Part is com- 
monly fpeciiied. 

The Meridian pafles thro' the Poles of the 
World, as well as through the Zenith and 
Nadir, and therefore is a Secundary both of 
the Equinoiflial and the Horizon : This Cir- 
cle divides the Globe into the Eaftern and 
Wejlern Hemifpheres, and the Poles of it are 
the Eaji and IVeft Points of the Hori!zon. AH 
the heavenly Ohjeds are, during one Half 
of their Continuance above the Horizon, in 
the Eaftern Hemifphere, and for the other 
Half in the Weftern ; fo that whenever the 
Sun arrives upon the upper Part of the Me- 
ridian, it is then Noon or Mid-day, which 
is the Rcafon why this Circle is called the 
Meridian ; and when he comes to the lower 
Part, it is then Midnight. 

The Vertical Circle pafling thro' the Eaft 
and Weft Points of the Horizon, is called 
the Prime Vertical, or Circle of Eaft and ^p'"'^"". 
Weft; fo that when any Objeift is upon this 
Circle in the Eaftern Hemifphere, it appears 
due Eaft j and if it be in the Weftern He- 
mifphere, it appears due Weft. 

That Degree in the Horizon wherein any 
Object: rifes or fets from the Eaft or Weft 
Points, is called the Amplitude ; which for ^n^tiifilt 
Riling is called Amplitude Ortive, and 
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Occa/ive for fetting ; which muft be alio 
denominated whether It be Northerly 
Southerly. 

It may be obferv'd, that the /irnpUtu, 
and Azimuth are much the fame ; the Am 
plitude (hewing the Bearing of any Objedt 
when he rifes or fets, from the Eaft: or Weft 
Points of the Horizon ; and the Azimuth 
the Bearing of any ObjetS when it is above 
the Horizon, either from the North or 

» South Points thereof. As for Example, if 
an Objeift riles or fets within lo Degrees of 
the Eailor Weft, fuppofe towards the South, 
we accordingly fay, its Amplitude is i o De- 
grees Southerly ; but if an Objedl, that is 
of any Height above the Hori2on, fliould 
he ID the Vertical Circle, pafling thro' the 
before-mentioned Point, we then fay, its 
I Azimuth is 80 Degrees from the South, or 

^H 100 Degrees from the North, both which 
^^1 ExprelTions fignify the fame, 
^^r 14. All Circles drawn parallel to the Ho- 

rizon, in the upper Hemlfphere, are called 
4htmcan- Almaccnthers, or Faralleh of Altitude : 
'^f- So that the Altitude of any Point in the 
Heavens is an Arch of the Vertical Circle 
paffing thro' that Point, and intercepted be- 
twixt it and the Horizon; and if the Objed 
be upon the Meridian, it is commonly called 
Meridian the Meridian Altitude. The Complement 
of the Altitude, or what it wants of 90 De- 
grees, is called the Zenith Dijlance. 

The 
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The Horizon (by which we mean the 
Rational) is reprefentcd by the upper Sur- 
face of the Wooden Frame, wherein the 
Globes are placed ; upon this Horizon are 
defcribed feveral Concentrick Circles, the 
Innermofl: of which is divided into Degrees, 
which ought to be numbered both Ways 
from the Eaft and the Weft, until they end at 
90 Degrees in the North and South Points. 
The Ufe of thefe Divifions is to (hew the 
Amplitudes of the Sun and Stars, at their 
Rifing and Setting : Alfo in fome conve- 
nient Place upon this Horizon, there is 
commonly noted the Points of the Com- 
pafs. Without the before- mentioned Circle 
there is drawn the Ecliptic, with its Di- 
vifions, into Signs and Degrees, and a Circle 
of Months and Days : The Ufe of thefe 
two Circles Is to ferve as a Kalendar to 
fhew the Sun's Place at any Time of the 
Year, and by that Means to find his Place 
in the Ecliptic drawn upon the Globe it- 
felf. 

The Verted Circles, and the Parallels 
of Altitude, are fupplied by a thin Plate 
of Brafs, having a Nut and Screw at one 
End to faften it to the Brafs Meridian in 
the Zenith Point ; which being done, 
the lower End of it may be put be- 
tween the Globe itfelf and the inner 
Edge of the Horizon, and fo turned round 
about to any Point required. The fiducial 
E 3 Edge 
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Edge thereof reprefenting the Vertical Ctrt 
cles, and the Degrees upon it, defcribing 
^ustdraj(f the Parallels of Altitude. This thip Plat© 
/{if ''' is called the ^adrant of Altitude, 

The Center of the Horizon being the 
Place of Obfervation, it is evident that 
this Circle, and all the others belonging to 
jt, are continually changed, which Way fo- 
cver we move \ wherefore we may fuppofe 
the Horizon, with its Secundaries and Pa- 
rallels, to inveft the Globe like a Rete of. 
Net ; and to be moveable every Way roun4 
it. This is very naturally illuftrated by the 
Globes J if we move diredtly North or di? 
fedly South, the Change made in the Hori- 
zon \% reprefented by moving the Braft 
Meridian (keeping the Globe from turning 
gbout its Axis) in the Notches mad^ in 
the Wooden Horizon, juft fo much as 
we travelled. Jf our Couffe fhould be du9 
Paftpr due Weft, the Alterations made thcrcr 
by are reprefented by turning the Globe ac«r 
(cordingly about its Axis, the Brafs Meridiaq 
l^eing k(5pt fixed ; and if we fteer betwixt 
the Meridian and the Eaft or Weft Points, 
then v(^e are to turn the Brafs Meridian, an4 
alfo the Globe, about its Axis accordingly | 
the Surp of which is, let the Speftator pq 
in what Point foever of the Earth's Sur- 
face, he'll there gravitate or tend exactly' 
towards its Center, and imagine himfelf tpb^ 
pn the higheft fart tbercpf, (thp Vnevcn- 

ncfs 
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nefs of the Ground not being here confi- 
dered j wherefore if we turn the Globe ia 
fuch a Manner as to bring the feveral pro- 
greffive Steps of a Traveller fuccefiively to 
the Zenith, we (hall then have the fuccef- 
five Alterations made in the Horizon, in 
every Part of his Journey. This Explicadon 
being well confidered, will be of Help ta 
Beginners, to conceive how the Earth is 
every where habitable, and how Paffengers 
can travel quite round it ; for fince every 
Thing tends towards theCenter of the Earth, 
we are to conceive that Point as being the 
loweft, and not to carry our Idea of down- 
wards any farther : Thofe that are diame- 
trically oppofite to us being as much upon 
the upper Part of the Earth as wcare, there 
being no fuch Thing in Nature as one Place 
being higher than another, but as it is at a 
greater Diftance from the Center of the 
Earth, let it be in what Country foever. 

We have now done with all the Circles 
of the Sphere, and it may be obferyed, that 
the EquimSiialy the Echpticy and the i/<7- 
r/ao;;, with their Secundaries and Parallels, 
are all alike; and altering their Pofition, 
may be made to ferve for one another. 
Thus, if the Poles of the World be brought 
into the 'Leniib and Nadir^ the Eqiii- 
lio^ial will coincide with the Horizon, the 
Meridians will be the fame with the Verti- 
cal Circles, and the Parallels of Declination 
E 4 will 
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will be the Parallels of Altitude. After the 
fame Manner, ii Ihifting the Pofition wo 
bring the Ecliptic to coincide with the 
Horizon, the Circles of Longitude will be 
the Vertical CirrJ.i, and the Parallels of 
Latitude znd Altitude will coincide. 

The Horizon and ihe Equator may be 
either parallel, perpendicular, or oblique to 
each other. 

15. A Parallel Sphere is that Pofition 
where the Equator coincides with the Ho- 
rizon, and coniequertly the Poles of the 
World are in the Zenith and Nadir : The 
Inhabitants of this Sphere (if there be any) 
are thole who live under the Poles of the 
World. 

16. A Right or DireEi Sphere is that 
Pofition where the Equator is perpendicu- 
lar to the Horizon, the Inliabitants whereof 
are ihofe who live under the Equinoiftial. 

17. An Cblifjue Sphere is when the Equi- 
noftial and the Horizon make oblique An- 
gles with each other, which every where 
happens but under the Equator and the 
Poles. 

The Arch of any Parallel or Declination, 
which flands alove the Horizon, is called 
the Dtur:uil Afcb ; and the remaining Part 
of it, which is below the Horizon, is called 
(he NoBurnal Arch, 
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That Point of the Equinoftial which 

comes to the-^ .,, « >■ Pan of the Ho- 
\ Weftern/ 

zon, with any Point of the Heavens, is called 

. fAfcenfion ^, r u ^ d ■ . . j 

the i T^ r r /-or that Point, counted 

from the Beginning of v ; and if it be in a 
right Sphere, the Afcenlion or Defcenfion 
is called Right ; but if it be in an oblique 
Sphere, it is called an oblique Afcenlion or 
Defcenfion. So that, 

i8. The Ri'gk Afcenfim of the Sm^ R'g^' 
Moon, or any Star, &c. is an Arch of the ■4^'"i^''' 
Equator contained betwixt the Beginning 
of 'i^, and that Point of the Equinoflial 
which rifes with them in a Right Sphere^ 
or which comes to the Meridian with them 
is an oblique Sphere. 

19. Ob.tque Afcenfion, or Defcenfion, is OM'f«r# 
an Arch of the Equinodial intercepted be- -'"'-'''"'■ 
tween the Beginning of "V, and that Point 

of the Kquator which rifes or fets with any 
Point in the Heavens in an oblique Sphere. 

20. AfcB'ifional Diffeience, is the Diffe- ^fitnfianal 
rence bef.vixtthe right and oblique Afcen- ^•I'^""' 
fion or Defcenfion, and ihews how long the 

Sun rifes or fets before or after the Hour of 
Six. 

IV. 0/ the Divifionof Time. 

The Parts that Time is diftinguifhed into 
«re Days, Hours, iVecks. Months, and Tears. 

A Day is either Natural or ArtiBcial. 
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Natural A NatuKcl Day is the Space of Time 
^s^faf'oaj; c^^pf^^ whilc the Sun goes from any Meri- 
dian or Horary Circle, till he arrives to the 
I fame again ; or, it is the Time contain 'd from 

Noon, or any particular Hour, to the next 
Noon, or the fame Hour again : An Artificial 
i)^^ is the Time betwixt the Sun'sRifingand 
Setting ; to which is oppofed the Nigbt, that 
is, the Time the Sun ishid under the Horizon. 
„ . The Natural Day is divided into 24 
' Hours, each Hour into 60 Minutes, each 

I Minute into 60 Seconds, &c. The Artifi- 

cial Days are always unequal to all the In- 
habitants that are not under the Equator. 
except when the Sun is in the Equinoaial 
Points 'K'and -^jwhich happens (accordingio 
our Way of reckoning) about the atftof. 
March and 23d of ^fftemkr -, at thofc 
Times the Sun rlfes at fix and feis at fix, to 
all the Inhabitants of the Earth. Thefe Days 
Equinoxti. are called the ii)y«//?5xf;, ox Equino&ial Days ;, 
the firft of which, or when the Sun is in. 
VirnaUiiA ^^ ^""^ Point of Arus, is called the Fdrual 
JutannaJ Equimx, and the latter is called the Jutum- 
^uinex. ^^i Equinox. In all Places where the Sun de- 
fcends below the Horizon, excepting under 
the Equator, the Days continually lengthen 
or (horten, and that fafter or flower, according. 
as theSun is nearer to or further from theEqui- 
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then he begins to return with a flow Mo- 
lion towards the Equinoiflial, ftill haftening 
his Pace as he comes nearer to it : The Sun 
enters the Tropicks of ^ and y, about the 
?ift of June, and the 22d of December, Solpctt. 
which Days are fometimes called the Sol- andff7n/r 
fiices ; the firft of which we call the Summer Sfifiu^ 
Solftice, and the latter the Winter Solftice. 

All Nations do not begin their Day, and 'T^^ ^'•^ 
reckon their Hours alike. In Great- Britairiy ginning of 
France end Spain, and in moft Places in theDay, 
Europe, the Day is reckoned to begin at 
Midnight, from whence iscounted 1 2 Hours 
till Noon, then twelve Hours more til! next 
Midnight, which makes a compleat Day; yet 
the Ajironomeri {in thefe Countries) com- 
monly begin their Day at Noon, and fo rec- 
kon 24 Hours till next Noon, and not twice 
twelve, accordingto the vulgar Computation, 

The Babyhniam began their Day at Sun- Bahylemji 
rlfing, and reckoned 24 Hours till he rofe ^'""'>- 
againi This Wayof Computation we call the 
Babyloni/b Hours. In feveral Parts of Ger- 
many they count their Hours from Sun-fet- 
ting, calling the firft Hour after the Sun has 
fet, the firft Hour, Gfc till he fets the next 
Day, which theycall the 24th Hour: Thefe 
are commonly called the Italian Hours. Iialian 
According 10 both thefe Ways of Computa- ^''^"^ 
tion, their Hours are commonly either a 
little greater or Icfs than the -j'^ Part of a na- 
tural Day, in Proportion as the Sun rifcs or 
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Ifets fooner or later in the fucceeding DayK; 
They have alfo this Inconvenience, that 
their Mid-day and Midnight happen on 
different Hours, according to the Seafbns of 
the Year. 
The yev^s and the Romans formerly di- 
I vided the artificial Days and Nights each 
into 12 equal Parts; thefe are termed the 
E* Jewi/h Hours^ and are of different Lengths 
a,ccording to the Seafons of the Year ; a 
yswijb Hour in Summer being longer than 

I one in Winter, and a Night- Hour ftiorter. 

This Method of Computation is now in 
Ufe among the Turh, and the Hours are 
ftiled the Jir/i Hour, fecond Hour, &c. of 
the Day or Night ; fothat Mid-day always 
falls upon the fixth Hour of the Day. Thefo 
Flaaiiary Hours are alfo called Planetary Hours, bc- 
Hturt. caufe in every Hour one of the feven Planets 

I were fuppofed to prefide over the World, 
and fo take it by Turns. The 6rft Hour af- 
ter Sun-rifing on Sunday was allotted to the 
Sun ; the next to Venus ; the third to Met' 
mry ; and tlie reft in Order to the Moon, So- 
turn^ Jupiter, and Mars. By this Means 
on the firft Hour of the next Day the Moon 
preiided, and fo gave the Name to that Day ; 
and fo feven Days by this Method had 
Names given them from the Planets that 
were fuppofed to govern on the firft Hour. 
A iTtei. A H^ee^ is a -Syftem of feven Days, in 
which each Day is diftinguiflied by a dif- 
fer 



Sea. I. Of the Ghohts. Si 

ferent Name. In mod Countries thefe 
Days are called after the Names of the fe- 
ven Planets, as above noted. AH Nations 
that have any Notion of Religion, lay apart 
one Day in feven for public Worfhip ; the 
Day folemniz'd by ChriJUans is Sunday^ or 
the firft Day of the Week, being that on 
which our Saviour rofe from the Grave, on 
which the Apoftles afterwards ufed more 
particularly to affemble together to perform 
Divine Worfliip. The Jeivs obferved Sa- 
turday, or the feventh Day of the Week, for 
their Sabbath, or Day of Reft, being that 
appointed in the fourth Commandment 
under the Law. The Turks perform their 
Religious Ceremonies on Friday, 

A iV/5«/i) is properly a certain Space oS AMoeih^ 
Time meafured by the Moon in its Courfe 
round the Earth. A Lunar Month is either 
Periodical or Synodical. A Periodica/ Ptrii£cet 
Month is that Space of Time the Moon ^^^Ji 
takes to perform her Courfe from one Point Mntbt. 
of the Ecliptic till ihe arrives to the fame 
again, which is 27 Days and fome odd 
Hours ; and a Symdicai Motitb is the Time 
betvifixt one New Moon, and the next New 
Moon, which is commonly about 2g| Days. 
But a Civii Month is different from thefe, 
andconfiftsof a certain Number of Days, 
fewer or more, according to the Laws and 
Cuftoms of the Country wherein they are 
obferved. 

The 



(>2 fie Defcriptkn and tffe 

The complcatcft Period of Time \i i 
Tear, in which all the Variety of Seafons 
return, and afterwards begin a-new. A 
Tear is either Aftronomical or Civil*, Art 
^rTtf/'and ^fi^onomical 7ea^ is either a Sydereal yVrhcrt- 
Tropical, in the Sun departing froni a fixed Star, re* 
turns to it again ; or Tropical, which ii 
the Space of Time the Sun takes to perform 
his Courfe from any Point of the Ecliptic 
till he returns to it again. 

A Tropical Tear confifts of 365 DaySj 
5 Hours and 49 Minutes 5 this is the Time 
in which all the Seafons compleatly returiii 
which is a fmall Matter lefs than a Sydereal 
Year. 

The Civil Tear is the fame with the Po* 
litical eflablifhed by the Laws of a Coun* 
try, and is either moveable or immoveable* 
The moveable Year confifts of 365 Days* 
being lefs than the Tropical Year by almou 
igyfiian fix HouTs, and is Called the Egyptian Tedr^ 
Tear. bccaufc obfervcd in that Country. 

The Romans divided the Year into i% 
Kalendar Months, to which they gav6 par- 
ticular Names, and are ftill retained by moft 
of the European Nations, viz. January^ 
February, March, April, May, June^ J^ht 
Augujt, September, OSlober, J<lovember^ and 
December. The Number of Days in each 
Month may be known by the following 
Verfcs : 

• 2 Thirty 
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Thirty Days hath September, 
April, June, and November ; 
February hath Twenty-eight alone, 
jSnd all the reft have Thirty-one. 

The Year is alfo divided into four Quar- 
ters or Seafons, viz. the Spring, Summer, 
Autumn, and Winter. Thefe Quarters are 
properly made when the Sun enters into the 
Equinodial and Solftitial Points of the 
Ecliptic; but in Civil Ufes they are diffe- 
rently reckon 'd according to the Cuftoms 
of feveral Countries. In England vie com- 
monly reckon the firft Day of fanuary to be 
the firft in the Year, which is therefore vul- 
garly called New-Tear's-Dav ; but in Po- 
litical and Ecclefiaftical Affairs, the Year 
is reckon'd to commence on Lady-Day, 
which is the 25th of March ; and from 
thence to Midfummer-Day, which is the 
24th of June, is reckon'd the firft Quarter j 
from Midfummer-Day to Michaelmas- 
Day, which is the 25th of September, is 
the fecond Quarter ; the third Quarter 
is reckon'd from Micbaelmas-Day to 
Cbriftmai~Day, which is the 25th of De- 
cember ; and from Chriftmas-Day to La- 
dy-Day, is reckon'd the laft Quarter in 
the Year. In common Affairs, a Quar- 
ter is reckon'd from a certain Day to the 
fame in the fourth Month following. 
Sometimes a Month is reckon'd four 
Weeks, 
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Weeks, or 28 Days, and fo a Quaftef 
12 Weeks. To all the Inhabitants in the 
fNorthern^, tt -t 1. 

is properly when the Sun is in the Tropic 

of /?''""''' \ and their Midwinter at 
\CaprtcorntJ 

the oppofite Time of the Year ; but thofe 
who live under the EquinoiSial have two 
Winters, &c. when the Sun is in either 
Tropic ; tho' indeed properly, there is no 
Sealon that may be called Winter in thofe 
Parts of the World. 

The Egyltian Year of 365 Days being 
Icfs than the true Solar Year by almoft fix 
Hours, it follows, that four fuch Years are 
lefs than four Solar Years by a whole Day ; 
ani therefore in J65 Times four Years, that 
is, in I4<)0 Years, the Beginning of the 
Years move through all the Seafons. To 
remedy this incnnveniency, 'Julius Cafar 
(confidering that the fix Hnurs, which re- 
main at the Entt ot everv Year will in 4 
Years make a Natural Day) ordered that 
every fourth Year IhouKl hive an intercalary 
Day, which therefore confirts of 366 Days 1 
the Day added was put in the Month of 
February, by poftponing 'r. Matthias'z . 
Day, which in comaion Years falls, on the 
24th, to the 25th of the faid Month, all the 
fixed Fcafts in the Year frcm thencetorwards 
falling a Week-day later than otherwife they 
would. Ac- 
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According to the Roman Way of reckon- W'^'i'i'' 
ing, the :4th of February was the fixth of ^^J^ 
the Kalends of March, and it was ordered 
that for this Year there (liould be two fixths, 
or that the fixth of the Kalends of March 
fliould be twice repeated ; upon which Ac- 
count the Year was called Bi£extiU, which 
we now call the henp-Year. 

To find whether the Year of our Lord be 
Leap-Year.or the firft, fecond, or third af- 
ter ; divide it by four, and the Remainder, 
if there be any, (hews how many Years it iS 
after Leap- Year; but if there be no Remain- 
der, then that Year is Leap- Year ; Or, yotf 
may omit the Hundreds and Scores, and di* 
Tide the Refidue by 4, Extrmp. 1757, omit- 
ing theHundreilsandlheTwcntys, I divide 
the Refidue 17 by 4, and the Remainder i 
fhews it tn be the Fjrft after Leap- Year. 

This Method of reckoning the Year, vrz. 
making the common Year to confilt of 365 
Days, and every fourth Year to have 366 
Days, is now ufed In Great-Britain and 
Ireland^ and fome of the Northern Parts of 
Europe, and is called the "Julian Account, or J"''"'' 
the Old Style. But the Time appointedby '^'^^"'^^ 
yuliui Caj'ar for the Length of a Solar s,y,. 
Year is too much ; for the Sun finiihes his 
Courfe in the Ecliptic in 365 Days, 5 Hours 
and 49 Minutes, which is 1 1 Minutes lefs 
than the Civil Year; and therefore he again 
begins his Circuit ir Minutes before the 
F Civil 
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Civil Year is ended; and ib much beJi^T 
gained every Year, amounts in 131 Years, 
to a whole Day. So that if the Sun in any 
Year entered the Equinox upon the 20th of 
Afcrfi6at Noon, after the Space of 131 Years, 
he'll enter the fame Point on the fame Hour 
of the 19th of March. And therefore the 
Equinoxes will not always fall on the fame 
Day of the Month, but by Degrees will 
move towards the Beginningof the Year. 

At the Time of the Council of Nice^ 
(when the Terms were fettled for obferv- 
ing of ^ii/'f/"^ the Vernal Equinox itW up- 
on the 2ift of March ; but by its failing 
backwards 1 1 Minutes every Year, it was 
found that in ^iwo 1582, when the Kalen- 
dar was corrected, the Sun entered the Equi- 
noftial Circle on the i ith of March, having 
departed ten whole Days from its former 
Place in the Year; and therefore Pope Gre- 
gory theXIIIth, defigning to place the Equi- 
noxes in their former Situation with refpeiSt 
to the Year, took thefe ten Days out of the 
Kalcndar, and ordered that the eleventh of 
March fliould be reckoned as the Twenty- 
firft : And to prevent the Seafons of the 
Year from going backwards for the future* 
he ordered thateveryhundredth Year,which 
in the Julian Form was to be a Biffextile, 
fhould be a common Year, and confiftonly 
of 365 Days ; but that being too much, 
every fourth Hundred was to remain Biffex- 
tile. This Form of reckoning being efta- 
3 blifhcd 
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blHhcd by the Authority of Pope Gre~ G«^i.r.-» 
gory XIII. is called the Gregorian y4ccour3t,f'^''stj1t. 
or the NifW Style ; and is obferv'd in all 
the Countries where the Authority of the 
Pope is acknowledged, and likewife by fevc- 
ral Nations of the reform 'd Religion. There 
being now above a hundred Years part, fince 
this Reformation was made in the Kalendar, 
the Gregorian Account has accordingly got 
before the 'Julian one Day more than it 
was in the Time of its Inftitution, the Dif- 
ference between thefe two Accounts being 
now eleven Days ; fo that the firft Day of 
any Month .according toourWay of reckon- 
ing is the I 2th of the fame Month accord- 
ing to the New Style. 

I {hall conclude this Sedtlon with a brief 
Account of the Atmolphere. 

T\\z yfimofpherp is that thin Body of Air ■^-'™'' 
which furruunds the Earth, in which the-'^ "'' 
Clouds hover.and bv which in their Defcent 
they are broke into Drops of Rain -, which 
fometimes according to the Warmth or 
Coldnefs of Air, are froze into iSnow, or 
Jiailfif/m's. 'Thtrder and Lightn ng are 
alfo made in the Atmolphere, and Wind 
is nothing elfe hut a Hercuflion of the Air, 
occafioned by its different Denfity in different 
Places. The Benefits we receive from the 
Atmofphere are innumerable ; without Air 
no earthly Creature could live, as is plainly 
proved by Experiments made by the Air- 
F 2 Pump; 
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Pump', and the Wholefomenefs of t Cli* 
mate chiefly depends upon that of its Air : 
If there was no Atmofphere to reflcdl the 
Rays of the Sun, no Part of the (i^s^vep^ 
would be lucid and bright, but that where- 
in the Sun was placed ; and if ^ Spfdator 
fhould turn his Back towards the SuU;^ liq 
would immediately perceive it to he qi^it^ 
dark, and the leaft Stars woyild befeen fl^q- 
ing as they do in the cleareft Night ; ^d 
the Sun immediately before his letting 
would (hine as brifk as at Noon, bu^t ia % 
Moment as fpon as he got below the Hori't 
zon, the whole Hemifphere of the Earth 
would be involved in as great a Darknefs as 
if it were Midnight. 

But by means of the Atmofphere it hap- 
pens, that while the Sun is above the Ho- 
rizon, the whole Face of the Heavens is 
ftrongly illuminated by its Rays, fo as to 
obfcure the faint Light of the Stars, and ren-* 
der them invifible -, and after Sun-fetting, 
though we receive no direft Light from 
him, yet we enjoy its refleded Light for 
fome Time : For the Atmofphere being 
higher than we are, is a longer Time befoul 
it is withdrawn from the Sun fas if a Maa 
was to run up to the Top of a Steeple, he 
may fee the Sun after it had been fet to 
thofe at the Bottom.) The Rays which the 
Atmofphere receives from the Sun, after he is 
withdrawn from our Sight, are by Refradioa 

faintly 
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faintly tranfmitted to us; until the Sun 
having got about 18 Degrees below the 
Horizon, he no longer enlightens our 
Atmofphere, and then all th^t Part thereof 
which is over us becomes dark* After the 
fanje Manner in the Morning, when the 
Sun comes within 18 Degrees of our Hori- 
zon, he again begins to enlighten the At- 
mofphere, and fo more and more by De- 
grees, until he rifes and makes full l3ay. 

This fmail Illumination of the Atmo- 
fphere, and State of the Heavens between 
Day and Night is called the twilight, or iT&^f. 
the Crepujculum. fulu 

The Duration of Twilight is different in 
diflferent Climates, and in the fame Place, 
at different Times of the Year, The be- 
ginning or ending of Twilight being accu- 
rately given, we may from thence eafily find 
the Height of the Atmofphere, which is not 
always the fame. The mean Height of the 
Atmofphere is computed to be about 40 
Miles ; but it is probable, the Air may ex- 
pend itfelf a great deal further, there jbeing 
properly no other Limits to it, as we can 
conceive, but as it continually decreafes in 
Denfity the farther remote it is from the 
Earth, in a certain Ratio ; which at lafl, as 
to our Conception, muft in a Manner ter- 
minate. 

F 3 SECT. 
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SECT. II. 

Geographical Definitions. 
Of the Situations of Places upon 
the Earth ; of the different Situ- 
atiom of its Inhabitants ; of Zones 
and Climates. 



TH E Situations of Places upon the 
Earth are determined by their La- 
titude and Longitude. 

I. The Latitude of any Place fupon the 
Earth) is its nearcfl; Diftance, either North 
or South, from the Equator j and if the 

Place be in the|^^°',*7„"]. Hcmifphere, 

it is accordingly called j o ^/ f Latitude j 

and is meafured by an Arch of the Meri- 
dian intercepted betwixt the Zenith of the 
faid Place and the Equator. And all 
Places that lie on the fame Side, and at 
the fame Diftance from the Equator, are 
faid to be in the fame Parallel of Lati- 
tude : the Parallels of latitude in Geogra- 
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phy being the fame with the Parallels of 
Declination in Aflrommy. 

From this Definition arile the following 
Corollaries. 

( r .) That no Place can have above 90 De~ 
grees of Latitude, either North or South. 

(2.) Thoje Places that He under the E^ui- 
noBiai (or thro' which the Equator pajfes) 
have no Latitude, it being from thence that 
the Calculation of Latitudes is counted ; and 
thofe Places that lie under the Poles have 
the greate/l Latitude, thofe Points being 
at the grcatejl Dijiance from the Equa- 
tor. 

(3.) The Latitude of any Place is always 
equal to the Elevation of the Pole in the 
fame Place above the Horizon ; and is there' 
fore often expreffed by the Pole's Height, or 
Elevation of the Pole ; the Reafon of -wbicb 
is, becaufe from the Equator to the Pole 
there is always the Diflance of 90 Degrees, 
and from the Zenith to the Horizon the 
fame Number of Degrees, each of thefe in- 
cluding the Dijiance from the "Zenith to the 
Pole: That Dijiance therefore being taken 
away from both, will leave the Dijiance from 
the Zenith to the Equator, (which is the 
Latitude J equal to the Dijiance from the Pole 
to the Horizon. 

(4.) The Elevation of the Equator in any 
Place is always equal to the Complement of 
the Latitude of the fame Place. 

F 4 (J) ^ 
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(5.) A Ship failed direaiy {"J.^^J'} 
the Equator {^f^^^f^ >h^^ Latitude, (or 

{^ffff'^\ the Pole) ju/l fo much as is 

her Diflance Jailed. 
Djference 2 . Difference of Latitude is the neareft 
ofLati' Diftance betwixt any two Parallels of La- 
'*'^'^' titude, (hewing how far the one is to the 
Northward or Southward of the other, 
, which can never exceed 180 Degrees. And 
when the two Places are in the fame Hcmi- 
fphere (or on the fame Side of the Equator) 
the lefler Latitude fubtraded from the 
greater, and when they arc on different 
Sides of the Equator, the two Latitudes 
a,dd?d| gives the Difference of Latitude. 
Longitude. 3. The Longitude of any Place (upon 
the Earth) is an Arch of the Equator, con- 
tain 'd betwixt the Meridian of the given 
Place, tnd fome fixed or known Meridian % 
or, it is equal to the Angle form'd by the 
two Meridians, which properly can never 
exceed i8o Degrees, t ho' fometimes the 
longitude is counted Eafterly quite round 
the Globe. 

Since the Meridians are all moveable^ 
and not one that can be fixed in the Hea-^ 
vens, (as the Equinoflial Circle is. fixed, 
from whence the Larirudcs of all Places 
are determined to be fo much either North 

or 
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or South) the Longitudes of Places can- 
not fo well be fixed from any other Meri- 
dian, but every Geographer is at his Liberty 
to make which he pleafes his firft Meridian, 
from whence to calculate the Longitudes 
of other Places. Hence it is that the Geo- 

fraphers of different Nations reckon their 
longitudes from different Meridians, com- 
monly chufing the Meridian pafling thro' 
the Metropolis of their own Country for 
their iirft : Thus, the £7!g///Z' Geographers 
generally make the Meridian of London 
to be their firft, the French that of Paris, 
and the Dutch that of Amjierdam, &c. 
and Mariners generally reckon the Longi- 
tude f'rnm the lad known Land they faw. 
This arbitrary Way of reckoning the Longi- 
tude from different Places, makes it necef- 
fary, whenever we exprefs the Longitude 
of any Place, that the Place from whence 
it is counted be alfo exprefled. 

From the preceding Definitions arife the 
following Corollaries : 

\. If a Body jhould Jieer dtreEll^ North., 
or direSily South, qttite round the Globe, he'll 
continually ihange his Latitude ; and paft 
ihro' the two Poles of the IVorld, without 
deviating the lea/i from the Meridian of the 
Place be departed from ; and confequently at 
his Return will not differ in his Account of 
Time from the People rejiding in the faid 

2. V 

i 
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■ 2. If a Body JJiould fleer round the Globe* 

either due Eafl or due Weft, he'll continu- 
eily change his Longitude, but will go quite 
round -without altering his Latitude; and 
if his Courfe fl.-ould be due Eafl, he'll gain a 
Day compleatly in his Reckoning, or reckon 
one Day more than the Inhabitants of the 
Place Jrom whence he departed ; and if 

■ bis Courfe had been Weft, he ivould have loft 
one Day, or reckon one lefs. 
The Reafon of which is evident ; for 
admitting our Traveller fleers due Eaft fo 
many Miles in one Day as to make his 
Difference of Longitude equivalent to a 
Quarter of an Hour of Time, it is evident 
that the next Day the Sun will rife to him 
a Quarter of an Hour fooner than to the 
Inhabitants of the Place from whence he 
departed ; and fo daily, in Proportion to 
the Rate he travels, which in going quite 
round will make up one natural Day. In 
like Manner, if he ileers due Weft after the 
fame Rate, he'll lengthen each Day a Quar- 
ter of an Hour, and confequently the Sun 
will rife to him fo much later every Day ; 
by which Means, in going quite round, he'll 
lofe one Day compleat in his Reckoning. 
From whence it follows, 

3. If two Bodies Jhould fet out from the 

fame Place, one fleering Eaji, and the other 

Weft, and fo continue their Courfes quite 

round, until they arrive at the Place from 

•whence 
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•whence they Jet out, thefU differ two Days 

in their Reckoning at the Time of their 

Return, 

^, If a Body Jjjould fteer upon an Oblique 
Courfe (or any where befwixt the Meridian 
and the Eaft or Weji Poinis) he'U continually 
change both Latitude and Longitude, and 
that more or lefs, according totbe Courfe he 
Jieen ; and if he Jhciild go quite round the 
Globe, he'll differ in his Account of Timet 
as by the fecond Carol. 

5. The People refding in the Eaflermoji 
of any two Places wFlt reckon their Time 
Jo much the jooner than thofe who live in 
the other Place, according to the Difference 
of Longitude betwixt the two Places, allow- 
ing one Hour Jor every \^ Degrees, 6cc. and 
the contrary. 

til. Of Zones and Climates, &CC. 
4. Zones are large Trafts of the Surface ^^^ ^ 
of the Earth, diftinguifhed by the Tropicus riJ^Tempe^ 
and Polar Circles, being five in Number j "'5., and 
•viz. one Torrid, two Temperate, and two "^' 
Frigid. 

The Torrid or Burning Zone is all the 
Space comprehended between the twoTro- 
picks ; the Antients imagined this Traft of 
the Earth to be uninhabitable, becaufe of 
the exceflivc Heat, it being fo near the Sun. 
All the Inhabitants of ^e Torrid Zone 
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have the Sun in their Zenith, or exadWy 
over their Heads twice in every Year ; ex- 
cepting thofe who live exadlly under the 
two Tropics, where the Sutl comes to their 
Zenith only once in a Year. ^ 

The two Temperate Zones lie on either 
Side of the Globe, between the Tropics and 
the Polar Circles. 

The two Frigid Zones are thofe Spaces 
upon the Globe that are included withiri 
the two Polar Circles. 

The Inhabitants of the Earth are alfo di- 
ftinguifhed by the Diverfity of their Shadows. 
Jmpbifci' Thofe who Ifve in the Torrid Zone are 
*^ called Amphifciam^ becaufe their Noon- 

Shadow is caft different Ways, according dsi 
the Sun is to the Northward or Southward 
of their Zenith ; but when the Sun is in 
J/cians. their Zenith, they are called :'fcians. 

The Inhabitants of the Temperate Zones 
B^terofci- arc Called Heterofcians^ becaufe their Noon- 
*»• Shadow is always c^ft the fame Way: But 

thofe who live under the Tropics arc called 
jffdansHi' Afcians Heterofcians ; thofe who live m 
tirofiiais. the Frigid Zones arc called Perijcians^ be- 
Pirifciuns. ^^^^^ fometimes their Shadow is caft round 
about them. 

Thefc hard Names arc only Greek Words, 
importing how the Sun cafts the Shadow of 
the feveral Inhabitants of the Earth ; which 
would be a too trifling Diftinftion to be 
made here, was it not for the fake of com- 
plying with Cuftom. The 
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The Inhabitants of the Earth are alfo 
diftinguiflied into three Sprt?, in refpcft to 
their relative Situation to one ^Qther, mA 
thefe are called the Periaia^ J/^aciy aa4 
Antipodes. 

5. The Perwci are thofe who. live under Period. 

oppofitc Poipts pf the ikm^ PiaralJel of lAr 
titude, They have their Seajfona of the 
Year at the f^nao Time, aad their Days apd 
Nights always pf the fame t^eogth with pne 
another, but the one's Noon is the othier^i 
MtdnigH 5 and whea the Sua is ia the % 
auinp^iaJ, he* rifeth with the oue whea h? 
tet5 with the pthej. Thofc who live uadef 
thft Poles haye UQ Periceci. 

(b. The jdntdBci live under the feme Mpr AntaeL 
ncjian* and in the fame. Latitude^ but oa dif^ 
lejent Sides of tho: Equator ^ their Scafons 
pf the Year are contrary, and the Days of 
the one are ecjual to the Nights of the other, 
but the Hpur pf the Day and Night is thie 
fame with both ; and when the Sun is ifi 
the EquinodtisU he rifes, and.iiets tp both 
exadtly at the fame Tinie. Thofe who live 
under the Equator have no Antceci. 

7. The Antipodes are thofe who live dia- Amipodet. 
metrically oppofite to one another, (landing, 
as it were, exadlly Feet to Feet : Their Days 
and Nights, Summer and Winter, are at 
djyreift contrary Times. 

The Surface of the Earth is byfbme di- 
ftinguiflied into Climates. 
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8. A Climate is a Traft of the Surface of 
the Earth, included between two fuch Pa- 
rallels of Latitude, that the Length of the 
longeft Day in the one exceeds that in the 
other by half an Hour. 

The whole Surface of the Earth is con- 
fidered, as being divided into 60 Climates, 
•viz. from the Equator to each of the Polar 
Circles 24, arifing from the Difference of 
y Hour in the Length of their longeft Days ; 
and from the Polar Circles to the Poles 
themfelves are fix, arifing from the Diffe- 
rence of an entire Month, the Sun being 
feen in the firft of thefe a whole Month 
without fetting j in ti e fecond, two ; and 
in the third, three Months &c. Thefc 
Climates continually decreafe in Breadth, 
the farther they are from the Equator. 
How they are framed, viz the Parallel of 
Latitude in which they end (that being 
likewife the Be^jnninc of the next) with 
the refpedlive BreaiUh rf each of them, is 
(hewed in the following Table : 
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STABLE (t/*//^^ Climates. 



Climates between the Equator and the Polar] 

Circles^ 



ftuUis. 
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2 
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4 



Lntfef [Latitude. \ Breadth. 



Day. 
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13 f 
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8 
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25 

25 
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10 
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»7 

«7 
18 
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22 

29 
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3 



8 

54 

7 

32 
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58 



58 

27 

37 
29 
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57 
29 
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49 
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47 


66 
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66 


20 


66 
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66 
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I 
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29 

20 

7 
57 
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26 
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Climates between the Polar Circles and the 

Poles. 



Length o/Day \ Latitude. 



Months. 
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2 

3 




Length of Days. | Latitmte. 



Months. 

4 

I 



7^ 30 
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III. Of the Poetical Rifing and Selling oj 
the Stars. 



*»f. 
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^^B The Ancient Poets make frequent Mcn- 

^^" tion of the Stars Rifing and Setting, either 

O/mital, C^fmically, Acronically, or Hcliacally ; 

tT^anliia- whence thefe Diftindions are called Poe- 

taiRi^Kg tical. ■ 

•»di«. A Star is faid to rife or fet Cofmicalty, 
when it rifes or fets at San-rifing ; and when 
It rijes or fets at Sun-fetting, it is faid to 
rife or fet Acrmically. A Star rij'es He- 
Hacally when firft it becomes vjfible, after 
it had been fo near the Sun as to be hid by 
the Splendor of his Rays : And a Star is- 
faid to fet Heliacally, when it is firft im- 
merfed, or hid by the Sun's Rays. 

The Fixed Stars, and the three fuperior 
Planets, Mars, Jupiter, and Saturn, rife 
Heliacally in the Morning ; but the Moon 
rifes Heliacally in the Evening, becaufe the 
Sun is fwifter than the fuperior Planets, 
and flower than the Moon. 

IV. Of the Surface of the Earthy con/iderei 
as it is compofedofhand and Water. 

The Earth confifts naturally of two 

Farts, Land and Water, and therefore it 

is called the Terraqueous Globe. Each 

of thefe Elements is fubdivided into 

various 
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various Forms and Parts, which according- 
ly are diftinguiflicd by different Names. 

K I. Of the Land. 

^Txhe Land is diftinguifhed into Cent:- 
nents, T/Iands, Pemnfuia's, Jflhmus'Sj Pro- 
montorieSt Mountains^ or Coafls, 

9. A Continent is a large Quantity of Ceiiinent. 
Land, in which many great Countries are 
joined together, without being feparated 
from each other by the Sea : Such are Eu- 
rope, AJia^ Africa, and the vaft Continent 
of America ; which four are the principal 
Divifions of the Earth. A Continent is 
fometimes called theMj//j Land. Nahiani 

ID. An IJland\%% Country, or Portion W'^'^- 
of Land, cnviron'd round with Water : 
Such are Great-Britain and Ireland \ Sar- 
dinia^ Sicily, Sec. in the Mediterranean 
Sea ; the Ifles of Wight, Anglefpy, &c. near 
England. Alfo a fmall Part of dry Land, 
in the Midft of a River, is called an Ifland. 
Sometimes a large llland, when compared 
to a leffer, is called the Continent ; as if 
we compare the JJle of Wight to England^ 
the latter may be properly called the Con- 
tinent. 

1 1 . A Peninfula is a Part of Land almoft Ptaixfiia. 

environ'd with Water, fave one narrow 

Neck adjoining it to the Continent ; or 

which is almoft an liland : Such is Den- 

G mark 
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mark joining to Germany; alfo Africa is 
properly a large Peninfula joining to Afia. 

12. An ^/imtfj is a narrow Neck of Land 
joining a Peninfula to the Continent ; as 
the Ijthmus of Suei^ which joins Ajrica to 
Afia i that of Panama joining North and 
South America, &c. 

13. A Promontory is a high Part of Land 
ftretching out into the Sea, and is often 
call'd a Cape, or Headland : Such is the 
C/ipe of Good Hope in the South of Africa ; 
Cape Finijire on the Weft of Spain j alfo 
the Lixard Point, and the Land's End., 
are two Capes or Headlands on the Weft of 

' England. A Mountain is a high Part of 
Land in the Midft of a Country, over-top- 
ping the adjacent Parts. 

' 14. A Coaji or Shore is that Part of Land 
which borders upon the Sea, whether it be 
in Iflands or a Continent ; And that Part of 
the Land which is far diftant from the Sea, 
is called the Inland Country. Thefe are the 
ufual DiftiniSions of the Land. 

The Water is dlftinguiflied into Oceans, 
Seas, Lakes, Gulfs, Straits, and Rivers. 

, ] 5. The Ocean, or Main Sea, is a vaft 
fpreading Colletlion of Water, not divided 
or feparated by Lands running between : 
Such is the Atlantic or Wejtern Ocean, 
between Europe and Americay the Pacijic 
Ocean, or Souih'Sea, &c. 
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Nste, Thofe Parts of the Ocean which 
border upon the Land, are called by various 
Names, according to thofe of the adjacent 
Countries ; as, the Britijh Sea, the Irijb 
Sea, the French and Spantjh Sea. 

16. A L.ih is a Colledlion of deep ftand- -^^a^- 
ing Water, inclofed all round with Land, 

and not having any vifible and open Com- 
munication vi'ith the Sea: But when this ^^M 
Lake is very large, it is commonly called a ^^M 
Sea ; as, the Cafpian Sea in yifia, &c. ^B 

17. A Gulf is a Part of the Sea almoft^ff"^- 
cncoinpafled with Land, or that which runs 

up a great Way into the Land; as, the Gulf 
of Venice, Sec. But if it be very large, 'tis 
rather called an Inland Sea ; as, the Baltick 
Sea, the Mediterranean Sea, the Red Sea, 
or the Arabian Gu'J, 6cc. And a fmall 
Part of the Sea thus environed with Land 
is ufually called a Bay. Jf it be but a very 
fmall Part, or, as it were, a fmall Arm of 
the Sea, that runs but a few Miles between 
the Land, it is called a Creek or Haven. Craim 
iS. A Sf rait is a narrow Paflage lying jsiraii. 
between two Shores, whereby two Seas arc 
joined together ; as, the Straits of Dover^ 
between the Brittjh Channel and the Ger* 
man Sea ; the Straits of Gtbratiar^ be- 
tween the Atlantick and the Mediterranean 
Sea. The Mediterranean'wizM h alfo fome- 
ncs called the Straits. 
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Thefe are all the neceflary Terms com- 
monly uled in Geography. The Names of 
the fevcral Countries, Seas, and all the prin- 
cipal Divifionp of the Earth, the Reader 
will find expreffed upon the Terreftrial 
Globes. To give a tolerable Account of 
the Produce of each Country, the Genius 
of the People, their political Inftitutions, 
&c. is properly a particular Subject ofitfelf, 
and quite foreign to our Defign. We fiiall 
next proceed to the Ufe of the Globes ; but 
firft it may not be atnifs to take a fliort Re- 
•vieivoi their Appurtenances. 

Thofe Circles of the Sphere that are 
Jixed, are {as has been already faid) drawn 
upon the Globei themfelves ; thofe that are 
moveable, arc fupplied by the Brafs Meridi- 
an, the Wooden Horizon, and the Quadrant 
of Altitude. 
— i— , ,, I. That Side of the Brazen Meridian^ 
rjJiaa. which IS divided into Degrees, reprefents 
the true Meridian ; this Side is commonly 
turned towards the Eaft, and 'tis ufual to 
place the Globe fo before you, that the 
North be to the Right-hand, and the South 
to the Left, The Meridian is divided into 
4 Quadrants, each being 90 Degrees, two 
of which are numbered from that Part of 
the Equinodial, which is above the Horizon, 
towards each of the Poles ; the other two 
Quadrants are numbered from the Poles 
towards the Equator. The Reafon why two 
Quadrants 
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Quadrants of the Meridian are numbered 

from the Equator, and the other two from 

the Poles, is, becaufe the former of thefe 

two ferve to fliew the Dlftance of any Point 

on the Globe from the Equator, and the 

other to elevate the Globe to the Latitude 

of the Place. 

2. The upper Side of the Wooden f}'^' 
Frame, called the Pf'ooden Horizon, re- 
prefents the true Horizon j the Circles 
drawn upon this Plane have been already 
defcribed ; we may obferve, that the firft 
Point of "v is the Eaft, and the oppofite 
being the firft Point of -^ is the Weft, the 
Meridian paffing through the North and 
South Points. 

3. The ^adrant of Altitude '\s a fifxMt ^•>'' 
Plate of thin Brafs, having a Nut and Screw '/'*''"*'•*■ 
at one End, to be faftened to the Meridian 

of either Globe, as Occafion requires. The 
Edge of this Quadrant, which has the Gra- 
duations upon it, called the iiduciat Edge, 
is that which is always meant whenever we 
make mention of the Quadrant of Altitude. 

4. The Horary or Hour-Circle is divided Ha«rCr- 
into twice twelve Hours, the two XIl's ''"• 
coinciding with the Meridian ; the upper- 

moft Xll is that at Noon, and the lower- 
moft twards the Horizon is XII at Night. 
The Hours on thefia// Side of the Meridi- 
an are the Morning Hours, and thofe on the 
Weji Side the Hours ajter Noon. The Axis 
_. G 3 of 
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of the Globe carries round the Hand or 
Index which points the Hour, and pafies 
through the Center of the Hour- Circle. 

The Things above defcribcd are common 
to both Globes j but there are fome others 
which are peculiar or proper to one Sort 
of Globe. The two Colures, and the Circles 
of Latitudey from the Ecliptic, belong 
only to the Cele/iial Globes ; alfo the Eclip- 
tic itfelf does properly belong only to this 
Globe, tho' it is always drawn on the Ter- 
reftrial, for the fake of thole that might 
not have the other Globe by them. The 
Equinodtial on the C eleftial Globe is always 
numbered into 360 Degrees, beginning at 
the Equinoftial Point v • but on the Ter- 
reftrial, it is arbitrary where thefe Numbers 
commence, according to the Meridian of 
what Place you intend for your firft ; and 
the Degrees may be counted cither quite 
round to 360, or both Ways, till they meet 
in the oppofite Part of the Meridian at 
J 80, 
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»S E C T. III. 
rixU S K of the Globes. 

Problem I, To Jind the Latitude and 
Longitude of any given Place upon the 
Globe ; and on the contrary^ the Latitude 
and Longitude being given, to Jind the 
Place. 

I. fr^ URN the Globe round its Axis, 
% till the given Place lies exaiSly un- 
der the (Eaftern Side of the Brafs) Meri- 
dian, then that Degree upon the Meridian, 
which is direftly over it, is the Latitude ; 
which is accordingly North or South, as it 
lies in the Northern or Southern Hemi- 
fphcrc, the Globe remaining in the fame 
Pofition. 

That Degree upon the Eqnator, which 
is cut by the Brazen Meridian, is the Lon^ 
gitude required from the firfl: Meridian upon 
the Globe. If the Longitude is counted 
both Ways from the firft Meridian upon 
the Globe, then we are to confider, whether 
the given Place lies Eafterly or Wefterly 
from the firft Meridian, and the Longitude 

flftbe expreffcd accordingly. 

G 4 The 
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The Latitudes of the foUowing Places 
and upon a Globe where the Longitude is 
reckon'd both Ways from the Meridian of 
London, their Longitudes will be found as 
follow : 



I 



Latitude. Longitude. 

Deg. Deg. 

Rome 4 1 \ North. 1 3 Eal 

Paris 4b ^ N. 2 -^ £■ 

Mexico 20 N. 102 W. 

Cape Horn — 58 S. 80 W. 

2. 'The Latitude and Longitude being given^ 
to find the Place, 

Seek for the given Longitude in the 
Equator, and bring that Point to the Meri- 
dian ; then count from the Equator on the 
Meridian the Degree of Latitude given, 
towards the Arftic and Antarilic Pole, ac- 
cording as the Latitude is Northerly or 
Southerly, and under that Degree of Lati- 
tude lies the Place required. 

ProB. n. To fir.d the Difference of Latitude 
betiiiixt any ivm given Places. 

Bring each of the Places propofed fuc- 
ceffively to the Meridian, and obferve where 
they interfed it, then the Number of De- 
grees upon the Meridian, contained between 
the. 
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the two Interfeflions will be the Difference 
of Latitude required. Or, if the Places 
propofed are on the fame Side of the Equa- 
tor, having firft found their Latitudes, fub- 
traift the lefler from the greater; but if they 
are on the contrary Sides of the Equator, 
add them both together, and the Difference 
in the firft Cafe, and the Sum in the latter, 
will he the Difference of Latitude required. 
Thus the Difference of Latitude betwixt 
London and Rome will be found to be 9 ^ 
Degrees ; betwixt Paris and Cape Bona 
Efperance 83 Degrees. 

Prob. III. To find the Difference of Lon- 
gitude betwixt any two given Places. 

Bring each of the given Places fucceflively 
to the Meridian, and fee where the Meridian 
cuts the Equator each Time ; the Number 
of Degrees contained betwixt thofe two 
Points, if it be lefs than i Ho Degrees, other- 
wife the Remainder to 360 Degrees will 
be the Difference of Longitude required. 
Or, 

Having brought one of the given Places 
to the Meridian, bring the Index of the 
Hour-Circle to 12 o'Clock; then having 
brought the other Place 10 the Meridian, 
the Number of Hours contained between 
the Place the Index A^as iirft fet at, and the 
Place where it now points, is the Difference 
of 
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of Longitude in Time betwixt the two 
Places. 

Thus the Difference of Longitude be- 
twixt Rome and Conftantimfle will be found 
to be 19 Degrees, or r Hour and a Quar- 
ter ; betwixt Mexico and Vekln in China, 
140 Degrees, or 9 -|- Hours. 

P R o B. IV. Any Place being given to find 
all thofe Places that are in the fame Lati- 
tude with the f aid Place. 

The Latitude of" the given Place being 
marked upon the Meridian, turn the Globe 
round its Axis, and all thofe Places that pafs 
under the fame Mark are in the fame Lati- 
tude with the given Place, and have their 
Days and Nights of equal Lengths. And 
when any Place is brought to the Meridian, 
all the Inhabitants that lie under the upper 
Semicircle of it, have their Noon or Mid- 
day at the fame Point of abfolute Time ex- 
actly. 

P R o B. V. T/'^ Day of the Month being 
given ; to fad the Sun's Place in the fi- 
clipiic, and his Declination. 

1 . To find the Sun's Place : Look for the 
Day of the Month given in the Kalendar of 
Months upon the Horizon, and right againft 
it you'll find that Sign and Degree of the 
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Ecliptic which the Sun is in. The Sun's 
Place being ^h^s found, look for the fame 
in the Ecliptiq Line which is drawn upon 
the Globe, and bring that Point to the Me- 
ridian, then that Degree of the Meridian, 
which is direifllyover the Sun's Place, is the 
Decliftation required ; which is accordingly 
either North or South, as the Sun is in the 
Northern or Southern Signs. Thus, 

Sun's Place. Declination. 

Deg. Min. Deg. Min. 

April 2'^ a 3 00 12 32 N. 

July 31 11751 1820N. 

OSiober 26 ni 2 49 12 28 S. 

January 20 ^ o 17 2o 07 S. 

P R o B. VI. To reBify the Globe for the 
Latitude, Zem'ib, and the Sun's Place. 



1. For the Latitude : If the Place be in 
the Northern Hemifphere, raifc the Arflic 
Pole above the Horizon ; but for the South 
Latitude you muft raife the Antardtic j 
then move the Meridian up and down in 
the Notches, until the Degrees of the La- 
titude counted upon the Meridian below 
the Pole, cuts the Horizon, and then the 
Globe is adjuAed to the Latitude. 

2. To reSlify the Globe for the Zenith: 
Having elevated the Globe according to the 
Latitude, count the Degrees thereof upon 

the 
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the Meridian from the Equator towards 
elevated Pole, and that Pointwill be the Ze- 
nith or the Vertex of the Plice ; to this Point 
of the Meridian faften the Quadrant of Al- 
titude, fo that the graduated Edge thereof 
may be joined to the faid Point. 

3. Bring the Sun's Place in the Ecliptic 
to the Meridian, and then fct the Howr- 
Index to XII at Noon, and the Globe will be 
retfUfied to the Sun's Place. 

If you have 2 little Mariner's Compafs, 
the Meridian of the Globe may be eafily 
fet to the Meridian of the Place. 

Pkob. VII. To Jiitd the Ti'ifiance hetwem 
afjy two given Places upon the Globsy 
and to Jitid all thofe Places upon the 
Globe that are at the fame Diftance from * 
a given Place. 

Lay the Quadrant of Altitude over both 
the Places, and the Number of Degrees' 
intercepted between them being reduced 
into Miles, will be the Diftance required : 
Or, you may take the Diftance betwixt the 
two Places with a Pair of Compafles, and 
applying that Extent to the Equator, you'll 
have the Degrees of Diftance as before. 

Note, A Geographical Mile is the ^^.th 

Part of a Degree \ wherefore if you multi- 

piythe Number of Degrees by 60, the Pro- 

duft will be the Number of Geographical 

Miles 

3 
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Miles of Diftance fought ; but to reduce 
the fame into Englipi Miles, you muft mul- 
tiply by 70, becaufe about 70 Englifi Miles 
make a Degree of a great Circle upon the 
Siiperlicies of the Earth. 

Thus, the Diftance betwixt London and 
Rome will be found to be about 1 -^ Degrees, 
which is 780 Geographical Miles. 

If you reiaify the Globe for the Latitude 
and Zenith of any given Place, and bring 
the faid Place to the Meridian j then turn- 
ing the Quadrant of Altitude about, all 
thofe Places that are cut by the fame Point 
of it are at the fame Diftance from the 
given Place. 

PROB. VIII. To find the Angle of Pofition 
of Places^ or the Angle formed by the Me- 
ridian of one Place, end a great Circle 
faffing through both the Places. 

Having reftified the Globe for the Lati- 
tude and Zenith of one of the given Places, 
bring the faid Place to the Meridian, then 
turn the Quadrant of Altitude about, until 
the fiducial Edge thereof cuts the other 
I'lace, and the Number of Degrees upon 
the Horizon, contained between the faid 
Edge and the Meridian, will be the Angle 
of Pofition fought. 

Thus, the Angle of Pofition at the Li- 
zard, between the Meridian of the Lizard 
and 



1 



The Ufe 6f 

and the Great Circle, pafling from thence 
to Barbadoes\%tg Degrees South- Wefterly j 
but the Angle of Pofition between the fame 
Places at Barbadoes, is but 38 Degrees 
North-Eafterly, 

SCHOLIUM. 

The Angle of Pofition between two 
Places is a different Thing from what is 
meant by the Bearings of Places; theBfar- 
ings of two Places is determined by a Sort 
of fpiral Line, called a Rhumb Line, paf- 
fing between theni rn fuch a Manner, as to 
make the fame or equal Angles with all the 
Meridians through which it paffeth; but the 
Angle or Pofition is the very fame Thing 
with what we call the Azimuth in Aftro- 
nomy, both being formed by the Meridian 
and a great Circle paffing thro' the Zenith 
of a given Place, and a given Point either 
in the Heavens, then called the Azimuth, 
or upon the Earth, then called the Angle of 
Pofition. 

From hence may be (hewed the Error of 
that Geographical Paradox, viz. If a Place 
A bears from another B due Weft, B fhall 
not bear from A due Eaft. I find this Pa- 
radox vindicated by an Author, who at the 
fame Time gives a true Definition of a 
Rhumb Line: But his Arguments are un- 
geometrical ; for if it be admitted that the 
Eaft 
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"Eaft and Weft Lines make the fame Angles 
with all the Meridians through which they 
pal's, it will follow that thefe Lines are the 
Parallels of Latitude : For any Parallel 
of Latitude is the Continuation of the 
Surface of a Cone, whofe Sides are the 
Radii of the Sphere, and Circumference of 
its Bafe the faid Parallel ; and it is evident, 
that all the Meridians cut the faid Surface 
at right (and therefore at equal) Angles; 
whence it follows, that the Rhumbs of 
Eaft and Weft are the Parallels of Lati- 
tude, though the Cafe may feem different, 
when we draw inclining Lines (like Me- 
ridians) upon Paper, without carrying our 
Ideas any farther. 

Prob. IX. To find the Antceci, Perioeci, and 
Antipodes io any given Place. 

Bring the given Place totheMeridian.and 
having found its Latitude, count the fame 
Number of Degrees on the Meridian from 
the Equator towards the contrary Pole, 
and that will give the Place of the Anttect. 
The Globe being ftill in the famePofition, 
fet the Hour Index to XII at Noon, then 
turn the Globe about till the Index points to 
the lower XII ; the Place which then lies 
under the Meridian, having the fame Lati- 
tude with the given Place, is the Perieeci 
required. As the Globe now ftands, the 
An. 
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Aniipodes of the given Place arc under the 
fame Point of the Meridian, that its Antixct 
flood before : Or, if you reckon 1 80 De- 
grees upon the iVIeridian from the given 
Place, that Point ■will be the Antipodes. 

Let the given Place be London in the La- 
titude of 51 y Degrees North, that Place 
which lies under the fame Meridian and m 
the Latitude 5 if- Degrees South, is the 
Ant(eci ; that which lies in the fame Pa- 
rallel with London, and 180 Degrees of 
Longitude from it, is the Periatci ; and 
the Antipodes is that Place whofe Longi- 
tude from London is 180 Degrees, and La- 
titude 51 T Degrees South. 

Prob. X. 7he Hour of the Day at one Place 

' ieing given ; to find the correspondent 

Hour (or what o'Clock it is at that lime) 

in any other Place. 

' The Difference of Time betwixt two 
Places is the fame with their Difference of 
Longitude ; wherefore having found their 
Difference of Longitude, reduce it into Time, 
(by allowing one Hour for every 15 Degrees, 
&c.) and if the Place where the Hour is 

required lies ^ y^c^J\y^ > ^om the Place 

, , TT . . ' fAdd "^ , 

where the Hour .s g'ven.<;^g^j^^^^^j. the 

Difference of Longitude reduced into Time 
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.^ > the Hour given; and the Suiil 

or Remainder will accordingly be the Hoar 
required. Or, 

Having brought the Place at which the 
Hour is given to the Meridian, fet the Hour 
Index to the given Hour; then turn the 
Globe about until the Place where the Hour 
18 require^ comes to the Meridian, and the 
Index will point out the Hour at the faid 
^lace. 

Thus when it Is Noon at London^ it i|3 

H. M. 
Rome — ^— — . ■ 1 ■ o 52 V. M* 
/.AConJiantinople — — 2 07 P. M* 

^^^Fera^Cruz —5 30 A. M, 

.PeqUin in China " 7 50 P. M* 

pROB. XL . ^be hay of the Month being 
given, to find thoje Places on the Globe 
cohere the Sun will be Vertical, or in the 
Zenith, that Day. 

Having found the Sun'^s Place in the 
Ecliptic, Dring the fame to the Meridian, 
And note the Degree over it ; then turning 
the Globe round, all Places that pafs under 
that Degree will have the Sun vertical that 
pay. 

H Pkob. 
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Prob. XII. A Place being given /« the 
Torrid Zone, to find tbofe two Days 
in which the Sun Jhall be Vertical to tht 
fame. 

Bring the given Place to the Meridian, 
atid mark what Degree of Latitude is ex- 
actly over it ; tlien turning the Globe about 
its Axis, thofe two Points of the Eclip- 
tic, which pafsexadly under the faid Mark, 
are the Sun's Place ; againft which, upon 
the Wooden Horizon, you'll have the Days 
required. 

Prob. XIII. To find where the Sun is Ver* 
tical at any given Time affign'd ; or the 

" Day of the Month and the Hour at any 
Place (fi^ipofe London^ being given, to 
find in what Place the Sun is Veriicat at 
that very Time. 

Having found the Sun's Declination, irtd 
brought thefirft Place (Lon/ion) to the Me- 
ridian, fet the Index to the given Hour, 
then turn the Globe about until the Index 
points to XII at Noon ; which being done, 
that Place ilpon the Globe which ftands un- 
dtr the Point of the Sun's Declination upon 
the Meridian, has the Sun that Moment In 
the Zenith. 

3 Prob. 
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P R o B. XIV. rbe Day, and the tJour of 
the Day at one Place, being given ; 10 
find all thofe Placei ' i/pan the Earth, 
•where the Sun is then Rijing, Setting, Cul- 
minating (or on the Meridiafi) aljo -where 
it is Day-light, Iwilight, Dark Night, 
Midnight ; where the TitfiHght then be- 
gins, and where it ends ; the Height of 
the Sun in any Part of the illuminated 
Hemifpbere ; alfo his Defrefjhn in fbt 
L obfcure Hemifpbere. 

^ Having found the Place where the Sun 
13 Vertical at the given Hour, reflify the 
Globe lof that Latitude, and bring the faid 
Place to the Meridian. , 

Then all thofe Places that are in tlie 
Weftern Semicircle of the Horizon, have 
the Sun rifmgat that Time. 

Thofe in the Eaftern Semicircle have it 
fetting. 

Tothofewho live under the upper Semi- 
circle of the Meridian, it is 12 o'Clock at 
Noon. And, 

Thofe who live under the lovi'er Semi- 
circle of the Meridian have it at Midnight. 

All thofe Places that are above the- Ho- 
rizon, have the Sun above them, juft fo 
much as the Places themfelves are diftant 
from the Horizon j which Height maybe 
known by fixing the Quadrant of Altitude 
H 2 in 
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in the Zenith, and laying it over any parti- 
cular Place. 

In all thofe Places that are 1 8 Degrees 
below the Weftern Side of the Horizon, the 
Twilight is juft beginning in the Morning, 
or the Day breaks. And in all thofe Places 
that are i8 Degrees below the Eaftern Side 
of the Horizon, the Twilight is ending, 
and the total Darknefs beginning. 

The Twilight is in all thofe Places whofe 
Depreffion below the Horizon does not ex- 
ceed 1 8 Degrees. And 

All thofe Places that are lower than 1 8 
Degrees have dark Night. 

The Depreffion of any Place below the 
Horizon is equal to the Altitude of its An-^ 
tipodes^ which may be eafily found by the 
, Quadrant of Altitude. 

Pkob. XV. The Day of the Month being 
given 5 to JheWy at one FieWy the Length 
of Day and Night in all Places ufon the 
• Earth at that Time ; and to explain bow 
the Vicijjitudes of Day and Night are 
really made by the Motion of the Earth 
round her Axis in 24 Hours ^ the Sunjland^ 
ingjiill. 

* 

The Sun always illuminates one half of 

the Globe, or that Hemifphere which is 

next towards him, while the other remains 

in Darknefs: And if (as by the laft Problem) 

3 ^ 
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wc elevate the Globe according to the Sun's 
Place in the Ecliptic, it is evident, that the 
Siun (he being at an immenfe Diftance from 
the Earth) illuminates all that Hemifphere, 
which is above the Horizon ; the Wooden 
Horizon itfelf will be the Circle termina- 
ting Light and Darknefs ; and all thofe 
Places that arc below it, are wholly depri- 
ved of the Solar Light. 

The Globe ftanding in this Pofition, thofc 
Arches of the Parallels of Latitude which 
iland above the Horizon, are the Diurnal 
Arches^ or the Length of the Day in all 
thofe Latitudes at that Time of the Year j 
and the remaining Parts of thofe Parallels, 
which are below the Horizon, are the Noc-^ 
turnal Arches^ or the Length of the Night 
in thofe Places. The Length of the Diur- 
nal Arches may be found by counting how 
many Hours are contained between the two 
Meridians, cutting any Parallel of Latitude, 
in the' Eaftern and Weftern Parts of the 
Horizon. 

In all thofe Places that are in the Weftern 
Semicircle of the Horizon, the Sun appears 
rifing : For the Sun, ftanding ftill in the 
Vertex, (or above the Brafs Meridian) ap- 
pears Eafterly, and 90 Degrees diftant from 
all thofe Places that are in the Weftern Se- 
micircle of the Horizon 5 and therefore in 
thofe Places he is then rifing. Now, if 
ive pitch upon any particular Place upon 

H 3 the 
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the Globe, and bring it to the Meridiaa, 
and then bring the Hour- Index to the 
Jower 12, wliich in this Cafe we'll fup- 
pofe to be 12 at Noon ; (becaufe otherwifc 
the Numbers upon the Hour Circle will 
not anfwer our Furpofe^ and afterwards 
turn the Globe about, until the aforefaid 
Place be brought to the Weftern Side of the 
Horizon ; the Index will then thew the 
Time of Sun-rifing in that Place. Then 
turn the Globe gradually about from 
Weft to Eaft, and minding the Hour^ 
IndeXj we ftiall fee the Progrefs made 
in the Day every Hour, in all Latitude 
upon the Globe, by the real Motion of the 
Earth round its Axis ; until, by their con- 
-tinual Approach to the Brafs Meridian 
(over which the Sun ftands ftill all the while) 
they at laft have Noon Day, and the Sun 
appears at the higheft ; and then by De- 
grees, as they move Eafterly, the Sun fecms 
;to decline Weftward, until, as the Places 
fucceflively arrive in the Eaftern Part of the 
Horizon, the Sun appears to let in the 
We{lern : For the Places that are in the 
Hiirizon, are 90 Degrees diflant irom the 
Sun. We may obferve, that all Places up- 
rOn the Earth, that differ in Latitude, have 
their Days of different Length (except when 
-the Sun is in the Equinodlial) being lon- 
ger or fhorter, in proportion to what Part 
-of the Parallels iland above tlie Horizon. 
Thofe 
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Thofe that are in the fame Latitude, have 
their Days of the fame Length ; but have 
them commence fooner or later, according 
as the Places diifer in Longitude. 

pROB.XVI, To explain in general the Al- 
teration of Seafons, or Length of the Days 
and Nights, made in all Places of the 
Worldt hy the Sun's (or the Earth's) an- 
\al Motion in the Ecliptic. 






It has been fhewed In the laft Problem, 
how to place the Globe in fuch a Pofition, 
as to exhibit the Length of the Diurnal and 
Nodturnal Arches in all Places of the Earth, 
at a particular Time : If the Globe be con- 
tinually rectified, according as the Sun al- 
Iters his Declination (which maybe knowrn 
by bringing each Degree of the Ecliptic 
fucceflively to the Meridian^ you'll fee the 
gradual Increafe or Decreafe made in the 
Days in all Places of the World, according 
as a greater or lefTer Portion of the Paral- 
lels of Latitude ftand above the Hori- 
zon . We fhall illuftrate this Problem by 
Examples taken at diiferent Times of the 
Year. 

I. Let the Sun be in the firft Point of =» 
(which happens on the 21 ft of June) that 
Point being brought to the Meridian, will 
" ;w the Sun's Declination to be 23 4- De- 
H 4 grees 
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grecsNorth ; then theGlobe muft be redtified 
to the Latitude of 2 ^ -J- Degrees ; and for the 
better llluftration of the Problem, let the firft 
Meridian upon the Globe be brought under 
the Brafs Meridian. The Globe being in 
this Pofition you'll fee at one View the 
Length of the Days in all Latitudes, by 
counting the Number of Hours contained 
between the two extreme Meridians, cutting 
any particular Parallel you pitch upon, in 
the Eaftern andWeftern Partof the Horizon. 
And you may obfervethat the lower Part 
of the Arilic Circle juft touches the Hori- 
zon, and confequenily all the People who 
livein that Latitude have the Sun above their 
Horizon for the Space of 24 Hours, without 
fetting ; only when he is in the lower Part 
of the Meridian (which they would call 12 
at NighO he jnft touches the Horizon. 

To all thofe who live between the At&ic 
Circle and the Pole, the Sun does not fet, 
and its Height above the Horizon, when 
he is in the lower Part of the Meridian, Is 
equal to their Diftance from the Arclic Cir- 
cle : For Example, Thofe who live in the 
83d Parallel have the Sun when he is lowcft 
at this Time 13 ~ Degrees high. 

If we caft our Eye Southward, towards 
the Equator, we (h^.ll find, that the Diurnal 
Arches, or the Length of the Days in the 
feveral Latitudes, gradually lefTen 1 The 
Piqrnal Arch of the Parallel of l.on(icn at 
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this Time is 164 Hours ; that of the Equator 
(is always) 12 Hours; and fo continually 
iefs, till we come to the jintarSiic Circle^ 
the upper Part of which juft touches the 
Horizon ; and thofe who live in this Lati- 
tude have juft one Sight of the Sun, peeping 
as it were in the Horizon : And in all that 
Space between the Antari5tic Circle and the 
South Pole, lies in total Darknefs. 

If from this Pofition we gradually move 
the Meridian of the Globe, according to the 
progreffive Alterations made in the Sun's 
Declination, by his Motion in the Ecliptic, 
we fhall find the Diurnal Arches of all thofe 
Parallels, that are on the Northern Side of 
the Equator, continually decrcafe; and thofe 
on the Southern Side continually increafe, 
in the fame Manner as the Days in thofe 
Places (horten and lengthen. Let us again 
oblerve the Globe when the Sun has got 
within 10 Degrees of the Equinoftial; now 
the lower Part of the 80th Parallel of North 
Latitude juft touches the Horizon, and all 
the Space betwixt this and the Pole, falls in 
the illuminated Hemifphere ; but all thofe 
Parallels that He betwixt this and the Arctic 
Circle, which before were wholly above 
the Horizon, do now interfetft it, and the 
Sun appears to them to rife and fet. From 
hence to the Equator, we fhall find that 
the Days have gradually fliortned j and 
from the Equator Southwardj they have gra- 
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dually lengthened, until we come to 
hotb Parallel of South Latitude ; the u 
Part of which juft touches the Hori 
and all Places betwixt this and the South 
I*ote are in total Darknefs ; but thofe Paral- 
lels betwixt this and the Antarctic Circle, 
which before were wholly upon the Ho- 
rizon, are now partlyabove it i the Length 
of their Days being exadlly equal to that of 
the Nights in the fame Latitude in the con- 
trary Hemifphere. Thisalfo holds univer- 
fally, that the Length of the Day in one 
Latitude North, is esa<31y equal to the 

k Length of the Night in the fame Latitude 
South ; and vice vfrfa. 
Let us again follow the Motion of the 
San, until he has got into the Equinoflial, 
and take a View of the Globe while it is in 
this Pofitbn. Now all the Parallels of La- 
, titade are cut into two equal Parts by the 

Horizon, and confequently the Days and 
Nights are of equal Lengths, viz. 1 2 Hours 
each in all Places of the World ; the Sun 
fifing and fetting at Six o'Clock, excepting 
under the two Poles, which now lie exa<5Hy 
in the Horizon : Here the Sun feenis to 
ftand ftill in the fame Point of the Heavens 
for fome Time, until by Degrees, by his 
Motion in the Ecliptic, he afcends higher to 
one and difappears to the other, there be- 
ing properly no Days and Nights under the 
Poles ; for there the Motion of the Earth 
round its Axis can't be obfcrved. If 
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If we follow the Motion of the Sun to- 
wards the Southern Tropic we fliall fee H 
the Diurnal Arches of the Northern Paral- ■ 

lels continually decreafe, and the Southern 
ones iucreafe in the fame Proportion accor- 
ding to their refpeftive Latitudes ; the North 
Pole continually defcending, and the South 
Pole afcending above the Horizon, until 
the Sun arrives into 'tf, at which Time all 
the Space within the Antardtic Circle is 
above the Horizon ; while the Space be- 
tween the Artflic Circle, and its neigh- 
bouring Pole, is in total Darknefs. And wc 
fliall now find all other Circumftances quite 
reverfe to what they were when the Sun 
was in ^ ; the Nights now all over the 
World being of the fame Length that the 
Days were of before. 

We have now got to the Extremity of 
the Sun's Declination ; and if we follow 
him through the other half of the Ecliptic, 
and redtify the Globe accordingly, we fhall 
find the ireafons return in their Order, un- 
til at length we bring the Globe into its firft 
Pofition. 

The two foregoing Problems were not, as 
I know of, publifhed in any Book on this 
Subjed before ; and I have dwelt the longer 
upon them, becaufe they very well illuftrate 
how the Viciflitudcs of Days and Nights 
are made all over the World by the Motion 
of 
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of the Earth round her Axis ; the Horizon 
of the Globe being made the Circle, fepa- 
rating Light and Darknefs, and fo the Sun 
to ftand ftill in the Vertex. And if we really 
could move the Meridian, according to the 
Change of the Sun's Declination, we fhouldf 
fee at one View the continual Change made 
in the Length of Days and Nights, in all 
Places on the Earth ; but as Globes are fitted 
up, this cannot be done 3 neither are they 
adapted for the common Purpofes, in Places 
near the Equator, or any where in the 
Southern Hemifphere. But this Inconveni- 
ence is now remedied (at a fmall additional 
Expence; by the Hour Circle beinj made t6 
fhift to either Pole ; and fome Globes arc • 
now made with an Hour Circle fixt to the 
Globe at each Pole, between the Globe and 
Meridian, fo as to have none without Side to 
interrupt the Meridian from moving quite 
round the Wooden Horizon. 

Prob. X VIL Tojbew by the Globe ^ at one View^ 
the Length of the Days and Nights in any 
particular Places^ at all Times of the Tear, 

Becaufe the Sun, by his Motion in the 
Ecliptic, alters his Declination a fmall Mat- 
ter every Day 5 if we fuppofe all the Tor- 
rid Zone to be filled up with a fpiral Line^ 
having fo many Turnings; or a Screw having 
fo many Threads, as the Sun is Days in go- 
ing from one Tropic to the other : And 
thefe Threads at the fame Diftance from one 

another 
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another in alt Places, as the Sun alters his 
Declination in one Day in all thofe Places 
refpediivcly : This Spiral Line or Screw will 
rcprefent the apparent Paths defdribed by 
the Sun round the Earth every Day j and 
by following the Thread from one Tropic 
to the other, and back again, we fhall have 
the Path the Sun feems to defcribe round, 
the Earth in a Yean But becaufe the Incli'- 
nations of thefe Threads to one another 
are but fmall, we may fuppofe each Diurnal 
Path to be one of the Parallels of Latitude 
drawn, or fuppofed to be drawn upon the 
Globe. Thus much being premifed, we 
ihall explain this Problem y by placing the 
Globe according to fome of the moft re- 
markable Pofitions of it, as before we did for 
the moft remarkable Seafons of the Year. 

In the preceding Problem, the Globe being 
re(flified according to the Sun's Declination, 
' the upper Parts of the Parallels of Latitude, 
reprefented the Diurnal Arches^ or the 
Length of the Days all over the World at 
that particular Time : Here we are to redify 
the Globe according to the Latitude of the 
Place, and then the upper Parts of the Pa- 
rallels of I>eclination are the Diurnal Arches; 
and the Length of the Days at all Times of 
the Year, may be here determined by find- 
ing the Number of Hours contained be-* 
tween the two extremeM eridians,which cut 
any Parallel of Declination, in the Eaftern 
and Wefterh Points of the Horizon i after 

the 
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after the fame Manner, as before we f 
the Length o( the Day in the feveral Lati- 
tudes at a particular Time of the Year. 

I. Let the Place propofed be under the 
Equinoiftial, and let the Globe be accord- 
ingly reftified for 00 Degrees of Latitude, 
which is called a direct Pofuion of the Sphere. 
Here all the Parallels of Latitude, which in 
this Cafe we'll call the Parallels of Decli- 
nation, are cut by the Horizon into two c- 
qual Parts ; and confequently thofe who live 
under the Equinodial, have the Days and 
Nights of the fame Length at all Times of 
the Year ; alfo in this Part of the Earth, 
all the Stan rife and fet, and their Conti- 
nuance above the Horizon, is equal to their 
Stay below it, ij/z. 12 Hours. 

If from this Pofitioii we gradually movi 
the Globe according to the feveral Altera- 
tions of Latitudes, which we will fuppofe to 
be Northerly ; the Lengths of the Diurnal 
Archci will continually increafe, until wft 
come to a Parallel of Declination, as fer 
diftant from the Equinoftlal, as the Place il- 
felf is from the Pole. This Parallel will 
juft touch the Horizon, and all the Heaven- 
ly Bodies that are betwixt it and the Pole 
never defcend below the Horizon. In the 
mean time, while we are moving the Globe, 
the Lengths of the Diurnal Arches of th* 
Southern Parallels of Declination, continu- 
ally diminifli in the fame Proportion that 
the 
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the Northern ones increafed ; until we come 
to that Parallel of Declination which is lb 
far dirtant from the Eq-.unotSial Southerly, 
as the Place itfelf is from the North Pole. 
The upper Part of this Parallel juft touches 
the Horizon, and all the Stars that are be- 
twixt it and the South Pole never appear 
above the Horizon. All the Noftumal 
Arches of the Southern Parallels of Declina- 
tion, are exa£lly in the fame Length with 
the Diurnal Arches of the correfpondent 
Parallels of North Declination. 

2. Let us take a View of the Globe, when ' 
it is reflified for the Latitude of LondoNy 
or 51 4- Degrees North. When the Sun is 
in the Tropic of sz, the Day is about 16 
■y Hours ; as he recedes from this Tropic, 
the Days proportlnnably fiiorten, until he 
arrives into >*, and then the Days are at the 
Ihorteft, being now of the fame Length with 
the Night when the Sun was in ^b, -uiz. 
7 7 Hours. The lower Fart of that Parallel 
of Declination, which is 38 4- Degrees from 
the Equinodial Northerly, juft touches the 
Horizon ; and all the Stars that are betwixt 
this Parallel and the North Pole, never fct 
to us at London. In like Manner the upper 
Fartofthe Southern Parallel of 38-|- Degrees 
juft touches the Horizon, and all the Stars 
that lie betwixt this Parallel and the South 
Pole arc never viiible in this Latitude. 
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Again, let us reflify the Globe for the 
Latitude of the jirSiic Circle^ we fliall 
then find, that when the Sun is in se, he 
touches the Horizon on that Day without 
fetting, being 24 Hours compleat above the 
Horizon ; and when he is in Capricorn, he 
once appears in the Horizon, but does not 
rife in the Space of 24 Hours : When he Is 
in any other Point of the Ecliptic, the 
Days are longer or fliorter according to his 
Diftance from the Tropics. All the Stars 
that lie between the Tropic of Cancer, and 
the North Pole, never fet in this Latitude ; 
and thcfe that are between the Tropic of 
Capricorn, and the South Pole, are always 
hid below the Horizon. 

If we elevate the Globe ftill higher, the 
Circle of perpetual jlpparition will be nearer 
the Equator, as will that of perpetual Oc- 
cultation on the other Side. For Example, 
Let us re<Sify the Globe for the Latitude of 
80 Degrees North ; when the Suns Decli- 
nation is 10 Degrees North, he begins to 
turn above the Horizon without fetting, and 
ail the while he is making bis Progrefs from 
this Point to the Tropic of m, and back 
again, he never lets. After the fame Manner, 
when his Declination is lo Degrees South, 
he is juft feen at Noon in the Horizon j and 
all the while he is going Southward, and 
back again, he difappears, being hid juft fo 
long as bet'ore, at the oppofite Time of the 
Year he appeared vUible. Let 
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Let us now bring the North Pole into 
the Zenith, then will the Equinodial co- 
incide with the Horizon ; and confequent- 
ly all the Northern Parallels are above the 
Horizon, and the Southern ones below it. 
Here is but one Day and one Night throughr 
out the Year, it being Day all the whik 
the Sun is to the Northward of the Equi- 
no(3:ial, and Night for the other hj^lf Year. 
All the Stars that have North Declination, 
always appear above the Horizon, and at 
the fame height ; and all thofe that are on 
the other Side, are never feen. .. 

What has been here faid of rcftifying the 
Globe to North Latitude, holds for the fame 
Latitude South ; only that before the longeft 
Days were, when the Sun was^in s, the 
fanEie happening now when the Sun is in J:f • 
and fo of the reft of the Parallels, the Sea- 
fons being direftly oppofite to thofe who 
live in different Hemifpheres. 

I (hall again explain fome Things deli- 
vered above in general Terms, by particular 
Problems. 

But from what has been already faid, we 
may firft make the following Obfervations : 

I . All Places of the Earth do equally en-' 
joy the Benefit of the Suny in reffeSi of TUme^ 
and are equally deprived of it^ the Days at 
one Time of the Tear being exaClly equal to 
the Nights at the oppofite Seafon. 

I 2. In 
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a. hatt Places of the Earth, fave exaSffy 
vndcr the Boles^ the Days and Nights arc of 
equft! Length (viz. 12 Hcurs each) •when the 
Sun is in the EqiiinotliaL 

3. Ihofi^ ii)ho live under the EquinoBial 
have the Days end Nights 0/" equal Lengths 
at all limes of the Tear, 

4. Jn all Places between the Eqvia^^ial 
and the Poles, the Days and Nights are never 
equal, but when the Sun is in the Equinociiei 
Points T and ^. 

5. The nearer any Place is to the Equa- 
tor, the lefs is the Di£erence between the 
Length of the Artificial Days and Nights in 
the /aid Place ; and the more remote the 
greater. 

6. To all the Inhabitants lying under ibe 
fame Parallel of Latitude^ the Days and 

Nights are of equal Lengths, and that at all 
^imesof the Tear. 

7. The Sun is Vertical t^tnce a Tear to ail 
Places between the Tropics ; to thoje under 
the Trofiics, once a Tear, but tiwer any where 
elfe. 

8. In all Places between the Polar Circh, 
and the Poles, the Sun appears fome Number 
of Days without fctting ; anJ at the oppofite 
Time of the Tear he is for the fame Length of 
Time without rifmg ; and the nearer untOt 
er furthn- remote from the Pole, tbofi 
Places are, the /mger or fhorter is the 

Sim's 
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Sun'i continued Prefer^ce in, or Abfence from 
the fame. 

9. In all Places lying exa3^ under the 
Polar Circles, tbe Sua, wheji he is in the 
nearefi Tropic, appears 24 Hours without fel- 
ting ; and •when be is in tbe contrary Tropic, 
he is for tbe fame Length of Time without 
rifmg ; but at all other Times of tbe Tear be 
rifes and fets there, as in other Places. 

m/pherey the Longeft Day and Short- 
Night, is when the Sun is in the 

fNorthern'X ^ ,. , . 

\Southern ^ ^''°^" ' ^"^^ ^^^ i^^ntrary. 

PROB. XVIII. The Latitude of any Place, 
not exceeding (^t -i- Degrees, and ^he Day 
of the Month being givea j to find the Time 

fcf Sun-rifing an4 fating, and tbe Length 
of the Day and Night. 
Having redified the Globe according to 
the Latitude, bring tKe Sun"s Plage to.the 
Meridian, and put the Hour-Jndex to izat 
Noon J then bring the Sun's Place to the 
Eaftern Part of the Horizon, and the Index 
will fbew the Time when the Sun rifes. 
Again, turn the Glgbe until the Sun's Place 
be brought to the Weftern Side of, the Ho- 
and the Index wiU flicw the Time 
|i.Sun-fetting. 
' I 2 The 
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The Hour of Sun-fetting doubled, gives 
the Length of the Day ; and the Hour of 
Sun-rifing doubled, gives the Length of the 
Night. 

Let it be required to find when the Sun 
rifes and fets at London on the 2oth of ^pril. 
Reftify the Globe for the Latitude of Lon- 
don, and having found the Sun's Place cor- 
refponding to May the ift, -viz. » lo -i 
Degree, bring « io-|^ Degrees to the Me- 
ridian, and fet t"e Index at 12 at Noon j 
then turn the Globe about till a 10 |- De- 
grees be brought to the Eaftern Part of the 
Horizon, and you'll find the Index point 
4 ^ Hours J this being doubled, gives the 
Length of the Night 9 ~ Hours. Again, 
bring the Sun's Place to the Weftern Part 
of the Horizon, and the Index will point 
7 ^ Hours, which is the Time of Sun-fet- 
ting ; this being doubled, gives the Length 
of the Day 14 f Hours. 

pR OB. XIX. Tojind the Length of the 
"^'''Longejl and Jhcrteft Day and Night in 
^' ony given Place, not exceeding 66 4 De- 
^^■g^ees of Latitude. 

X 

Note^ The Longcft Day at all Places on 

the-^ c ff, '^ ^■'^^ '^^ '^^ Equator, is when 

the Sun is in the firft Pointof-i --,-■' J- 
\Capncorn :J 

2 Wherefore 



Sed. 3. the G L o B E s. U7 

Wherefore having retflified the Globe for 
the Latitude, find the Time of Sun-rifing 
and felting, and thence the Length of the 
Day and Night, as in the laft Problem, ac- 
cording to the Place of the Sun : Or hav- 
ing reiSified the Globe for the Latitude, 
bring the Solflitial Point of that Hemi- 
fphere to the Eaft Part of the Horizon, and 
iet the Index 12 at Noon ; then turning the 
Globe about till the faid Solflitial Point 
touches the Weftern Side of the Horizon, 
the Number of Hours from Noon to the 
Place where the Index points (being counted 
according to the Motion of the Index) is 
the Length of the Longeft Day ; the Com- 
plement whereof to 24 Hours, is the 
Length of the Shorteft Night, and the Re- 
verfe gives the Ihortcft Day and the Longeft 

^B Lmgr/I Day. Short N. 

^^K Deg. Hours. Houn. 



{45 '5 ■ 
5'i 16 . 
60 jy ■ 



pus in Lst.^ 51 1 ■ 16 Y 77 

5 t 



If from the Length of the Longeft Day 
you fubtradl 1 2 Hours, the Number of half 
Hours remaining will be the Climate : Thus 
tjiat Place where the longeft Day is 167- 
Hours, lies in the 9th Ciimatc, And by the 
Reverie, having the Climate, you have there- 
fey the Length of the Longeft Day. 

I 3 FUOB. 
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Pros. XX. To find in what Latitude the 
Lon^efi Day is, of any given Length lefs 
than 24 Hours. 

Bring the Solflitial Point to thcIVTeridian, 
and fet the Jndex to 12 atNoon ; then turn 
the Globe Weftward till the Index points at 
half the Number of Hours given ; which 
being done, keep the Globe from turning 
round its Axis, and filde the Meridian up or 
down in the Notches, till the Solftitial Point 
comes to the Horizon, then that Elevation 
of the Pdle ttfill be the Latitude. 

If the Hours given be 16, the Latitude is 
49 Degrees j if 20 Hours, the Latitude is 
^3 ^ Degrees. 

pRoB. XXI. ^ Piace being given tn one flf 
the Frigid Zones (fuppofetbe Northern) to 
Jind what Number of Days (of 2^ Hours 
each) the Sun doth conflantly fnne upon the 
fame, bow long he is ahfeni, and alfo the 
Jirjl mid laji Day of his Appearance. 

Having reftified the Globe according to 
the Latitude, turn it about until fome Point 
in the firft Quadrant of the Ecliptic {be- 
caufe the Latitude is North) interfeds the 
Meridian in the North Point of the Hori- 
zon ; and tight againfl that Point of the 
Ecliptic 
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Ecliptic on the Horizon, ftands the Day of 
the Month when the Longeil Day begins. 

And if the Giobe be turned about till 
fome Point in the fecond Quadrant of the 
Ecliptic cuts the Meridian in the fame Point 
of the Horizon, it will fliew the Sun's 
Place when the Longed Day ends, whence 
the Day of the Month may be found as 
before : Then the Number of Natural 
Days contained between the Times the 
Longeft Day begins and ends, is the Length 
of the Longeft Day required. 

Again, turn the Globe about, until fome 
Point in the third Quadrant of the Ecliptic 
cuts the Meridian in the South Part of the 
Horizon ; that Point of the Ecliptic will 
give the Time when the Longeft Night be- 
gins. Laftly, turn the Globe about until 
iome Point in the fourth Quadrant of the 
Ecliptic cuts the Meridian in the South 
Point of the Horizon ; and that Point of 
the Ecliptic will be the Place of the Sun, 
when the Longeft Night ends. 

Or, the Time when the Longeft Day or 
Night begins, being known, their End may 
be found by counting the Number of Days 
from that Time to the fucceeding Solfticej 
then counting the fame Number of Days 
from the Solftitial Day, will give the Time 

_whcn it ends, 

1 4 Paob. 
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Prob. XXII. To find in 'what Latitude the 
Longe/i Day is oj any giz'en Length lef$ 
than 1 82 Natural Days. 

Find a Point in the Ecliptic half fo 
many Degrees diftant from the Solftitial 
Point, as there, are Days given, and bring 
that Point to the Meridian ; then keep the 
Globe from turning round its Axis, and 
move the Meridian up or down until the 
aforefaid Point of the Ecliptic comes to 
the Horizon ; that Elevation of the Pole 
will be the Latitude required. 

If the Days given were 78, the Latitude 
is 71 7 Degrees. 

This method is not accurate, becaufe the 
Degrees in the Ecliptic do not correfpond 
to Natural Days ; and alfo becaufe the Sun 
does not always move in the Ecliptic at the , 
fame Rate j however, fuch Problems as thcfe 
may ferve for Amufements. 

Prob. XXIIL The Day of the Month bein^ 
giveny to find when the Morning and Even-- 
ing Twilight begins and ends ^ in any tlace 
upon the Globe. 

In the foregoing Problem, by the Length 
of the Day, we mean the Time from Sun- 
rifing to Sun-fet ; and the Night we reckon- 
ed from §un-fct, till; he rofenext Morning; 
JJut it is found by Experience, that Total 

Parknefi 
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Darknefs does hot commence in the Even- 
ing, till the Sun has got 18 Degrees below 
the Horizon ; and when he comes within 
the fame Diftance of the Horizon next 
Morning, we^have the firft Dawn of Day. 
This faint Light which we have in the 
Morning and Evening, before and after the 
Sun's rifing and fetting, is what we call the 
Twii/ght. 

* Having redified the Globe for the ''Prcb.Vl. 
Latitude, the Zenith, and the Sun's Place, 
turn the Globe and the Quadrant of Alti- 
tude until the Sun's Place cuts 1 8 Degrees 
below the Horizon (if the Quadrant 
reaches fo far) then the Index upon the 
Hour-Circle will (hew the Beginning or 
Ending of Twilight after the fame Man- 
ner as before we found the Time of Sun- 
rifing and fetting, in ProL 18. But by 
reafon of the Thicknefs of the Wooden 
Horizon, we can't conveniently fee, or com- 
pute when the Sun's Place is brought to the 
Point aforefaid. Wherefore the Globe being 
redificd as above direded, turn the Globe 
and alfo the Quadrant of Altitude Weft ward, 
until that Point in the Ecliptic, which is 
oppofite to the Sun's Place, cuts the Qua- 
drant in the 1 8th Degree above the Horizon ; 
then the Hour-Index will jfhew the Time 
when Day breaks in the Morning. And if 
,ypu turn the Globe and the Quadrant of 
. Aititude, until the Point oppofite to the 

Sun's 
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Sun'sPIace cuts the Quadrant in the i8th 
Degree in the Fi)aftern Hemlfphere, the 
Hour- Hand will iliew when Twilight ends 
in the Evening. Or, having found the Time 
from Midnight when the MorningTwilight 
begins, if you reckon fo many Hours before 
Midnight, it will give the Time when the 
Evening Twilight ends. Having found the 
Time when Twilight begins in the Morn- 
ing, find the Time of Sunrifing, by Prob, 
1 8. and the Difference will be the Duration 
of Twilight, 

Thus at London on the 12th of May^ 
Twihght begins at three Quarters paft One 
o'clock; the Sun rifes at about half an hour 
paft Four : Whence the Duration of Twi- 
light now is 2 -^ Hours, both in the Morning 
and Evening. On the twelfth of NovetnUr^ 
the Twilight begins at Half an Hour paft 
Six, being fomewhat above an Hour betore 
Sun-rifing, 

Proe. XXIV. To fad die Time nvhen total 
Darknefs ceajes, or 'xhen the Twilight con- 
tinues from Stin-fettirtg to Sun-ri/ing, in 
any given Place. 

Let the Place be in the Northern He- 
mifphere ; then if the Complement of the 
Latitude be greater than (the Deprcffion) 
18 Degrees, fubtradt 18 Degrees from it, 
and the Remainder will be the Sun's De- 
clination 
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clination North when total Darknefs ceares. 
But if theComplementof the Latitude is lefs 
than 18 Degrees, their Difference will be 
the Sun's Declination South, when the Twi- 
light begins to continue ali Night. If the 
Latitude is South, the only Difference will 
be, that the Suli's Declirtation will be on 
the contrary Side. 

Thus at London, when the Sun's Decli- 
nation North is greater than 20 7 Degrees, 
there is no total Darknefs, but conftant 
Twilight, which happens from the 26th of 
May to the 1 8th of july^ being near two 
Months. Under the North Pole the Twi- 
light ceafes, when the Sun's Declination is 
greater than 18 Degrees South, which is 
from the 13th of NovemSer, till the 29th of 
January: So that notwithftanding the Sun 
is abfent in this Part of the World for Half 
a Year together, yet total Darknefs does not 
continue above 1 1 Weeks ; and befides, the 
Moon is above the Horizon for a whole 
Fortnight of every Month throughout the 
Year. 

Prcb. XXV. tbe Day of the Month being 

given ; to fnd thofe Places of the Frigid 

f. Zones, -where the Sun tegim to flnne con- 

\fiantly mthout fetting ; and alfi thofe 
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Bring the Sun's Place to the Meridi 
and mark the Number of Degrees contain'd 
betwixt that Point and the Equator ; then 
count the fame Number of Degrees from 
the neareft Pole {-oiz. the North Pole, if 
the Sun's Declination is Northerly, other- 
wife the South Pole) towards the Equator, 
and note that Point upon the Meridian ; 
then turn the Globe about, and all the 
Places which pafs under the faid Point, are 
thofe where the Sun begins to ihine con- 
ftantly, without fetting on the given Day. 
If you lay the fame Diftance from the op- 
pofite Pole towards the Equator, and turn 
the Globe about, all the Places which pafs 
under that Point, will be thofe where the 
longeft Night begins. 

7he Latitude of the Place being given, to 
find the Hour of the Day when the Sun 
fiifies, 

if it be in the Summer, elevate the Pole 
according to the Latitude, and fet the Me- 
ridian due North and South ; then the Sha- 
dow of the Axis will cut the Hour on the 
Dial- Plate; For the Globe being redified 
in this Manner, the Hour Circle is a true 
EquinoSiial Dial; the Axis of the Globe 
being the Gnomon. This holds true in 
Theory, but it might not be very accurate 
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in Pradlice, bccaufe of the Difficulty in 
placing the Horizon of the Globe truly 
horizontal, and its Meridian due North and 
South. 

If it be in the Winter Half Year, elevate 
the South Pole according to the Latitude 
North, and let the North Part of the Ho- 
rizon be in the South Part of the Meridian ; 
then the Shade of the Axis will fhew the 
Hour of the Day as before : But this cannot 
be fo conveniently performed, tho' the Rea- 
(on is the fame as in the former Cafe. 



» 



1'q fnd the Suris Altitudcy -when it Jiiines, by 
the Globe. 



Having fet the Frame of the Globe truly 
horizontal or level, turn the North Pole 
towards the Sun, and move the Meridian 
up or down in the Notches, till the Axis 
cafts no Shadow ; then the Arch of the 
Meridian, contain'd betwixt the Pole and 
the Horizon, is the Sun's Altitude. 

Note, The beft Way to find the Sun's 
Altitude, is by a little Quadrant graduated 
into Degrees, and having Sights and a Plum- 
met to it: Thus, hold the Quadrant in your 
Hand, fo as the Rays of the Sun may pafs 
through both the Sights, the Plummet then 
hanging freely by the Side of the Inftru- 
nicnt, will cut in the Limb the Altitude 
required. 
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required. , Thefe Quadrants are to be had 
at the Id ftru me nt- Makers, with Lines drawn 
upon them, for finding the Hour of the 
Day and the Azimuth, with feveral other 
pretty Conclufions, vwy entertaining for 
Beginners. 

Tbe Latitudi;, and the Day of the Month be* 
ing ghen, to find the Hour of the Day when 
the Sun fl^nes. 

Having placed the Wooden Frame upon 
a Level, and the Meridian due North and 
South, redtify the Globe for the Latitude, 
and fix a Needle perpendicularly over the 
Sun's Place : The Sun's Place being brought 
tothe Meridian, fet the Hour-Index at iz 
at Noon, then turn the Globe about until 
the Needle points exasftly to the Sun, and 
cafts no Shadow, and then the Index will 
Jhew the Hour of the Day. 

Froe. XXVL 'The Latitude, the Sun's 
Place, and his Altitude, being given ; to 
find the Hour of the Day, and the Sutt'i 
Azimuth from :be Meridian, 

Having redtificd the Globe for the Lati- 
tude, the Zeniih, and the Sun's Place, turn 
the Globe and the Quadrant of Altitude, fo 
that the Sun's Place may cut the given De- 
gree 
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gree of Altitude : then the Index will fliew 
the Hour, and the Quadrant will cut the 
Azimuth in the Horizon. Thus, if at Lon- 
don, on the ziH of Augitfl , the Sun's Al- 
titude be 3 6 Degrees in the Forenoon) the 
Hour of the Day will be IX, and the Sun's 
Azimuth about 58 Degrees from the South 
Part of the Meridian. 
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*Tbe Sun's Azimuth being given, to place the 
Meridian of the Globe due North and South, 
or to find a Meridian Line when the Sun 
Jhines. 

Let the Sun's Azimuth be 30 Degrees 
South-Eafterly, fet the Horizon of the Globe 
upon a Level, and bring the North Pole 
into the Zenith ; then turn the Horizon 
about until the Shade of the Axis cuts as 
many Hours as is equivalent to the Azi- 
muth tallowing 15 Degrees to an Hour) 
in the North-Weft Part of the Hour-Clrcle, 
viz. X at Night , which being done, the 
Meridian of the Globe ftands in the true 
Meridian of the Place. The Globe ftand- 
ing in this Pofition, if you hang two Plum- 
mets at the North and South Points of the 
Wooden Horizon, and draw a Line be- 
twixt them, you'll have a Meridian Line ; 
which if it be on a fixed Plane (as a Floor 
r Window) it will be a Guide for placing 
the 
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the Globe due North and South at any 
other Time. 

Prob. XXVII. The Latitude, Hour of the 
Day, and the Sun's Place being given, to 
Jind the Sun's Altitude and Azimuth. 

Reftify the Globe for the Latitude, the 
Zenith, and the Sun's Place, then the Num- 
ber of Degrees contained betwixt the Sun's 
Place and the Vertex, is the Sun's Meridio- 
nal Zenith Diftance ; the Complement of 
which, to 90 Degrees, is the Sun's Meridian 
Altitude. If you turn the Globe about 
until the Index points to any other given 
Hour, then bringing the Quadrant of Altr- 
..tude to cut the Sun's Place, you'll have the 
Sun's Altitude at that Hour ; and where the 
Quadrant cuts the Horizon, is the. Sun's 
Azimuth at the fame Time. Thus May 
the 31ft at London, the Sun's Meridian Al- 
titude will be 61 7 Degrees ; and at 10 
o'clock in the Morning, the Sun's Altitude 
will be 52 Degrees, and his Azimuth about 
50 Degrees from the South Part of the 
.Meridian. 



pROB. 
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Prob. XXVIII. The Latitude of the Place, 
and (he Day of tbe Month being given ; to 
find the Depreffioti of the Sun beloio the 
Horizon, and the Azimuth at any Hour 
of the Night. 

Having reftified the Globe foi- the Lati- 
tude, the Zenith and the Sun's Place, take 
a Point in the Ecliptic, exadtly oppofite to 
the Sun's Place, and find the Sun's Altitude 
and Azimuth, as by the laft Problem, and 
thefe will be the Depreflion and the Altitude 
required. Thus, if the Time given be the 
ift of December J at lO o'clock at Night, 
the Depreflion and Azimuth will be the 
fame as was found in the laft Problem. 

Pros. XXIX. The Latitude, tbe Sun's Place, 
and his Azimuth being given j to find his 
Altitude, and tbe Hour. 

Rectify the Globe for the Latitude, the 
Zenith, and the Sun's Place, then put the 
Quadrant of Altitude to the Sun's Azimuth 
in the Horizon, and turn the Globe till the 
Sun's Place meet the Edge of the Quadrant, 
then the faid Edge will fhew the Altitude, 
and the Index point to the Hour. Thus, 
May the 2 1 ft at London, when the Sun is due 
Eaft, his Altitude will be about 24 Degrees, 
and the Hour about VII in the Morning ; 
K and 
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and when his Azimuth is 60 Degrees South- 
Wefterly, the Altitude will be about 44 4- 
Degrees, and the Hour about 2 -1: in the Af- 
ternoon. 

Thus, the Latitude and the Day being 
known, and having befides either the Alti- 
tude, the Azimuth, or the Hour 5 the other 
two may be eafily found. 

Prob. XXX. TheLatitudey the Surfs Alti^ 
tude^ and his Azimuth being given ; to find 
bis F lace in the Ecliptic and the Hour. 

Redlfy the Globe for the Latitude and 
Zenith, and fet the Edge of the Quadrant 
to the given Azimuth ; then turning the 
Globe about, that Point of the Ecliptic 
which cuts the Altitude will be the Sun's 
Place. Keep the Quadrant of the Altitude 
in the fame Pofition, and having brought 
' the Sun's Place to the Meridian, and the 
Hour Index to 12 ^t Noon, turn the Globe 
Jlbout till the Sun's Place cuts the Quadrant 
of Altitude, and then the Index will point 
the Hour of the Day. 

PkoBi. XJCXI. TZy DedtfiatiGn and Meridian 
Attitude of the Sun, or of any Star being 
given ; . (0 find the Latitude of the Place. 

§ 

Mark the "Point of Declination upon the 
Mejidiaii* according as it. is either North or 

South 
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South from the Equator j then Aide the 
Meridian up or down in the Notches, till 
the Point of Declination be fo far diftant 
from the Horizon, as is the given Meridian 
Altitude ; that Elevation of the Pole will 
be the Latitude. 

Thus, if the Sun's, or any Star's Meri- 
dian Altitude be 50 Degrees, and its De- 
clination II 4- Degrees North, the Latitude 
will be 5T 7 Degrees North. 

pROB. XXXW.Tbe Day aitH Hour of a Lunar 
EcHpje being kno'wn ; tojindall tbofe Flacei 
\ upon the Globe in wbicb the fame will be 
H,- tiifible. 

* Find where the Sun is vertical at the *PriA. 
given Hour, and bring that Point to the 
Zenith ; then the Eclipfe will be vifible in 
all thofe Places that are under the Horizon: 
Or, if you bring the Antipodes to the Place 
where the Sun is vertical, into the Zenith, 
you will have the Places where the Eclipfe 
will be vifible above the Horizon. 

Note, Becaufe Lunar EcHpfes continue 
fometimes for a long while together, they 
may be feen in more Places than one He- 
rn ifphere of the Earth j for by the Earth's 
Motion round its Axis, during the Time 
pf the Eclipfe, the Moon will rife in feveral 
^Places after the Eclipfe began. 
, . Note^ When an Eclipfe of the Sun is 
central, if you bring the Place where the 
K 2 Sun 



■ 



rhe VJc of 

Sun is vertical at that Time, into the Ze- 
nith, fomc Part of the Eclipfe will be vifi- 
ble in moft Places within the upper Hemi- 
fphere ; but by Reafon of the Ihort Duration 
of Solar Eclipres, and the Latitude which 
the Moon commonly has at that Time, 
(tho' but fmal!) there is no Certainty in de- 
termining the Places where thofc Eclipfes 
will be vifible by the Globe ; but Recourfe 
muft be had to Calculations. 

PROB. XXXIII. The Day of the Month, and 
Hour of the Day, according to our Way of 
reckoning in England, being giver: to find 
thereby we Babylonic, Italic, and the Jew- 
i(h or Judaical Hour. 

1. To find the Babylonic Hour (which tt 
the Number of Hours from Sun-rifing.) 
Having found the Time of Sun-rifing in the 
given Place, the Difference betwixt this and 
the Hour given Is the Babylonic Hour. 

2. To find the Italic Hour (which is the 
Number of Hours from Sun-fetting.) Sub- 
tra<5l; the Hour of Sun-fetting from the given 
Hour, and the Remainder will be the Italic 
Hour required. 

3. To find the Jeivijh Hour (which is ,-*; 
Part of an ^riijidal D^y.) Find how many 
Hours the Day confifts of ; then fay, as the 
Number of Hours the Day confifts of is to 
•12 Hours, fois the Hour fince Sun-rifing to 
the Judaical Hour required. 

3 Thus, 
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Thus, if the Sun rifes at 4 o'Clock (con- 
fequently fets at 8) and the Hour given be 
5 in the Evening, the Babylonic Hour 
will be the 13th, the /;WrV the 21ft, and 
the Jtwifi Hour will be Nine, and Three 
Quarters. 

The Converfe being given, the Hour of 
the Day, according to our Way of reckon- 
ing in E7igkn{l, may be eafily found. 

The following Problems are peculiar to 
the Cdeftial Globe. 

PROB. XXXIV. Tojind the Right Ajcenfim 
_-. and Declination of the Sun or any. Fixed 

Bring the Sun's Place in the Ecliptic to 
the Meridian ; then that Degree of the E- 
quator, which is cut by the Meridian, will 
be the Sun's Right Afcenfton j and that De- 
gree of the Meridian, which is exaiflly over 
the Sun's Place, is the Sun'i Declination. 

After the fame Manner, bring the Place oi 
any Fixed Star to the Meridian, and you'll 
find its Right Afcenfion in the Equinodtial, 
and Declination of the Meridian. 

Thus, the Right Afcenfion and Declina- 
tion is found, after the fame Manner as the 
Longitude and Latitude of a Place upon the 
Terreftriai Globe. 

Note^ The Right Afcenfion and Decli- 
nation of the Sun vary every Day ; but the 
K 3 Right 
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Right Afcenfion, &c. of the Fixed Stars is 
the ikme throughout the Year ■\-. 

The Sun's Right Afcenfion. Declin. 
Deg. Deg. 
r January ^ I — -314 — I7y S. 

Thus<'nJf;''5 "*|r^JJ- 

I July 11 120-J — 2ofN. 

i November zt 242 — 21 S. 

R.Afc. Dec!. 

Drg. Deg. 

Aldebaran — — 6^ ] 6 N. 

Spica Virginis — -^— . 197^1. 9^ S. 

Capella 74 45^ N. 

Syrius, or the Dog-Star 98^ 16^ S. 

AVf, Tlie Declination of the Sun may 
be found after the fame Manner, by the 
Tfrr^/?r/fl/Gl<)be, and alio his Right Afcen- 
fion, when the Equinoctial is numbered 
into 360 Degrees, commencing at the Equi- 
nodial Point f : But as the Equinoflial is 
not always numbered fo, and this being 
properly a Problem in Ajlronomy, we chufc 
rather to place it here. 

By the Converfe of this Problem, having 
the Right Afcenfion and Declination of any 

+ The infenfible Chanpe in the Longimde, Right-Aicen- 
fion, anil Declinaiion of ine Fixed Star^, made by their flow 
Motion, paralltl to the Ecliptic (being but i Degree in 7a 
Vears) is not worth Notice in this Place. 

Point 
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Point given, that Point Jtfelf may be eafily 
found upon the Globe. 

roB. XXXV. To find the Longitude and 
Latitude of a given Star. 

Having brought the Solftitial Colure to 
the Meridian, fix the Quadrant of Altitude 
over the proper Pole of the Ecliptic, whe- 
ther it be North or South; then turn the 
Quadrant over the given Star, and the Arch 
contain'd betwixt the Star and the Ecliptic 
will be the Latitude, and the Degree cut on 
the Ecliptic will be the Star's Longitude. 

Thus the Latitude of ArBiiriis will be 
found to be 3 1 Degrees North, and the Lon- 
gitude 200 Degrees from v, or 20 Degrees 
from ^ : The Latitude of Fomalhaut in 
the Southern Fiih, 21 Degrees South, and 
Longitude 299 7 Degrees, or itf 29 I De- 
grees. By the Converfe.of this Method, 
having the Latitude and Longitude of a Star 
given, it will be eafy to find the Star upon 
the Globe. 

The Diftance betwixt two Stars, or the 
Number of Degrees contained betwixt 
them, may be found by laying the Qua- 
drant of Altitude over each of them, and 
counting the Number of Degrees intercept- 
ed ; after the fame Manner as we found 
the Diftance betwixt two Places on the 
Terrepial Globe, in Prob. VIL 
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Pbob. XXXVI. The Latitude of the Place, 
the Day of the Month, and the Hour 
being given ; to find what Stars are then 
rifing or /tiiiug, what Stars are culmi' 
noting or on the Meridian, and the Al- 
titude and Azimuth of any Star above the 
Horizon j and alfo how to dijlingui^ 
the Stars in the Heavens one from the 
other t and to know them by their proper 
Names. 

Having reflified the Globe for the La- 
titude, the Zenith, and the Sun's Place, turn 
the Globe about until the Index points to 
the given Hour, the Globe being kept ifi 
this Polition. 

All thofc Stars that are in the^ W ft ^ 

Side of the Horizon, are then -^ c ►.- ~! Y 

All thofe Stars that are under the Meridi- 
an are then culminating. And if the Qua- 
drant of Altitude be laid over the Center of 
any particular Star, it will fhew that Star's 
Altitude at that Time j and where it cuts the 
Horizon, will be the Star's Azimuth from 
the North or South Pan of the Meridian. 

TJje Globe being kept in the fame Eleva- 
tion, and from turning round its Axis, 
niove the wooden Frame about until the 
North and South Points of the Horizon Ije 
exaflly 
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£xa£tly in the Meridian ; then right Lines 
imagined to pafs from the Center thro' each 
Star upon the Surface o^ the Globe, will 
^oint out the real Stars in the Heavens.whicli 
thofe on the Globe are made to reprefent. 
And if you are by the Side of fame Wall, 
whofe Bearing ypu know, lay the Quadrant 
of Altitudp to that Bearing in the Hori- 
zon, and it will cut all thofe Stars, which at 
that very Time are to be feen in the lame 
Diredion, or clofe by the Side of the faid 
Wall. Thus knowing fome of the remark- 
able Stars in any Part of the Heavens, the 
Neighbouring Stars may be diftinguiflied by 
obferving their Situations with refpc£l to 
thofe that are already known, and compa^ 
ring them with the Stars drawn tfpon the 
Globe. 

Thus, if your turn your Face towards the 
North, you will find the North Pole of the 
Globe points to the Pok-Star ; then you 
may obferve two Stars fomewhat lefs bright 
<han the Pole-Star, almoft in a right Line 
with it, and four more which form a Sort 
«f a ^adrangk ; thefe feven Stars make the 
Conftellation called the Little-Bear ; the 
Pole Star being in the Tip of the Tail. In 
this Neighbourhood you'll obferve feven 
bright Stars, which are commonly called 
C&arles's iVane ; thefe are the bright Stars 
in the Great Bear, and do form much fuch 
another Figure with thofe before-mentioned 
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in the hittle Bear: The two foremoft oftlT 
Square iie almoft in a right Line with the 
Pole Star, and are called the Pointen ; fo 
that knowing the Pointers, you may eafily 
jind the Pole-Star. Thus the reft of the 
Stars in this Conftellation, and all the Stars 
in the neighbouring Conftellations, may be 
rafily found, by oblerving how tlife unknown 
Stars He either In ^ladr/ing/es. Triangles, or 
ftrait Lines, from thofc that are already 
known upnn the Globe. 

After ihi: fame Manner the Globe being 
reflificd, you may diiiinguirti thofe Stars 
that are to the Southward of you, and be 
foon acquainted with all the Stars that arc 
vifible in our Hemifphere. 

SCHOLIUM. 

The Globe being redlified to the Latitude 
of any Place, if you turn it round its Axis, 
all thofe Stars that da not go below the Ho- 
rizon during a whole Revolution of the 
Globe, never fet in that Place ; and thofe 
that do not come above the Horizon never 
rife. 

Prob. XXXVII. Tlxe Latitude of the Place 

being given ; to Jind the Amplitude^ Ob- 
lique Afcenfisn and Defcen/ion , Ajcen- 
\ ^fioiial Difference, Semi-Diurnal Arcb^ 
t-and the 'Time of Continuance above the 
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Horizon^ of any given Point in the lea- 
vens. 



6 o'clock. 
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Having re£lified the Globe for the Lati- 
tude, and brought the given Point to the 
Meridian, fet the Index to the Hour of 12 ; 
then turn the Globe until the given Point 
be brought to the Eaflern Side of the Hori- 
zon, and that Degree of the EquinotSial 
which is cut by the Horizon at that Time, 
will be the Oblique Afcenfmn \ and where 
the given Point cuts the Horizon, is the 
Amplitude Ortive : If the Globe be turned 
about until the given Point be brought to 
the Weftern Side of the Horizon, it will 
there fliew the Amplitude Occajive ; and 
where the Horizon cuts the Equinoflial at 
that Time is the Oblique Defcenjion. 

The Time between the Index at either of 
thefe two Pofitions, and the Hour of 6 ; or 
Half the Difference between the Oblique 
Afcenfion and Defcenfion is the Afcmfional 
X)ifference, 

if the Place be in North Latitude, and the 

Declination of the given Point be-< ^ °^, y 

the Afcenfional Difference reduced into 
~ J f added to "1 

' t^ubtradied from j 
gives the Semi- Diurnal Arch ; the Comple- 
ment whereof to a Semicircle, is the Se~ \ 
mi-No3urnal A>(b. If the Place be 
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South Latitude, then the contrary is to be 
obferved with refpe<S to the Declination. 

The Semi- (DXLl) Arch being 

doubled, gives the Time of Continuance 

<^^J^1. the Horizon. Or the Time of 

Continuance above the Horizon, may be 
found by counting the Number of Hours 
contained in the upper Part of the Horary 
Circle, betwixt the Places where the Index 
prointed when the given Point was in the 
Eaftern and Weftern Parts of the Horizon. 
If the given Point was the Sun's Place, the 
Index pointed the Time of his Rifing and 
Setting, when the faid Place was in the 
Eaftern and Weftern Parts of the Horizon, as 
in Pro^. i8. Or the Time of Sun-rifing 
may be found by adding or fubtra<aing his 
Afcenlional Difference, to or from the 
Hour of Six, according as the Latitude and 
Declination are either contrary or the fame 
Way. 

Thus, at London, on the 3 rft of j 
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^■Sun rifes at three Quarters part Four. 
^Sun fets at a Quarterpaft Seven. 
■ Theie Things for the Sun vary every 
Day j but for a fixed Star the Day of the 
Month need not be given, for they are the 
fame all the Year round. 

In the Latitude of 51 4- North, Syrim's 

Amplitude is about zH Degrees Southerly. 

Oblique A fcenfiotiy 1 21. 

Oblique Defcenfion^ 75. 

Afcenfional Difference, 23. 

Semidiurnal Arch, 67. 

Continuance above the Horizon, 9 Hours. 

Pros. XXXVIII. T:he Latitude md the Day 

of the Month being given ; to find the Hour 

■when any known Star will be on the Me* 

ridian, and alfo the Time of its Rijing and 

^ Setting. 

P" Having reftified the Globe for the Lati- 
tude of the Sun's Place, bring the given 
Star to the Meridian, and alfo to the Eaft or 
Weft Side of the Horizon, and the Index ■ 
will fliew accordingly when the Star cul- 
minates, or the Time of the Rifing or Set- 
ting. 

Thus, at London, on the 21ft of Janu- 
ary, Syrius will be upon the Meridian at a 
Quarter paft Ten in the Evening, rifes at 
5 ^ Hours, and fets at three Quarters paft 
Two in the Morning. 



kno\v- 1 
le Me- 
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By the Converfe of this Problem, kni 
ing the Time when any Star is upon the 
ridiaiij you may eafily find the Sun's Place. 
Thus, bring the given Star to the Meridian, \ 
and fet the index to the given Hour ; then jj 
turn the Globe till the Index points to 12 ) 
at Noon, and the Meridian will cut the Sun's | 
Place in the Ecliptic. Thus when Syrius ] 
comes to the Meridian at lo f Hours after 
Noon, the Sun's Place will be ;? 1 -^J- Deg. 

Prob. XXXIX. To find at -what Time of the 
Tear a given Star ii>i/I be upon the Meri- 
dian, at a given Hour oj the Night. 

Bring the Star to the Meridian, and fet the 
Index to the given Hour, then turn the Globe 
till the Index points to 12 at Noon, and 
the Meridian will cut the Ecliptic in the 
Sun's Place j whence the Day of the Month 
may be cafily found in the Calendar upon 
the Horizon. 

Pros. XL. 7he Day of the Month, and the 
Azimuth of any known Star being given > 
to find the Hour of the Night. 

Having rcftified the Globe for the Lati- 
tude and the Sun's Place, if the given Star be 
due North or South, bring it to the Meri- 
dian, and the IndexwilllhewtheHour of the 
Night. If the Star be in any other Dirediion, 
hx 
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fix the Q^uadrant of Altitude in the Zenith, 
and fet it to the Star's Azimuth in the Hori- 
zon ; then turn the Globe about until the 
Quadrant cuts the Center of the Star, and 
the Index will rtiew the Hour of the Night. 

The Bearing of any Pointin the Heavens 
may be found by the following Methods. 

Having a Meridian Line drawn in two 
Windows, that are oppolite to one another, 
you may crofs it at right Angles with ano- 
ther Line reprefentlng the Eaft and Weft ; 
from the Point of Interfeiftion defcribe a 
Circle, and divide each Quadrant into 90 
Degrees ; then get a fmooth Board, of about 
2 Feet long, and -i- Foot broad, {more or 
lefs, as you judge convenient) and on the 
back Part of it fix another fmall Board 
cruffways, fo that it may ferve as a Foot to 
fupport the biggeft Board upright, when it 
islet upon a Level, or an Horizontal Plain. 
The Board being thus prepared, fet the low- 
er Edge of the fmooth, or fore Side of it, 
clofe to the Center of the Circle, then turn 
it about to the Meridian, or to any Azimuth 
Point required (keeping the Edge of it al- 
ways dole to the Center) and carting your 
Eye along the flat Side of k, you'll eafily 
perceive what Stars are upon the Meridian, 
or any other Bearing that the Board is fet 
to. 
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Pros. XLI. TW known Stars having the 
fame Azimuth^ or the fame Height, being 
given ; te find the Hour of the Night. 

ReStfy the Globe for the Latitude, the 
Zenith, and the Sun's Place. 

1 . When the two Stars are in the fame 
Azimuth, turn the Globe, and alfo the 
Quadrant about, until both the Stars coin- 
cide with the Edge thereof; then will the 
Index flievv the Hour of the Night ; and 
where the Quadrant cuts the Horizon, is the 
common Azimuth of both Stars. 

2. If the two Stars are of the fame Al- 
titude, move the Globe fo that the fame De- 
gree on the Quadrant will cut both Stars, 
then the Index will fiiew the Hour. 

This Problem is ufeful when the Quan- 
tity of the Azimuth of the two Stars in the 
firftCafe, or of their Altitude in the latter 
Cafe, is not known. 

^ two Stars weregtven^ one on the Meri- 
iian^ and the other in the Eaji or Wtfi 
Part of the Horizon j to find the Lati- 
tude. 

Bring that Star which was obferved on 
the Meridian, to the Meridian of the Globe, 
and keep the Globe from turning round its 
Axis ; then Hide the Meridian up or down 
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in the Notches, till the other Star is brought 
to the Eaft or Weft Part of the Horizon, 
and that Elevation of the Pole will be the 
Latitude fought. 

PROB. XLU. i:he Latitude, Day of the 

Month, and the Altitude of any known 
Star being given ; to find the Hour of the 
Night. 

ReQ\£y the Globe for the Latitude, Ze- 
nith, and Sun's Place: Turn the Globe, and 
the-Quadrant of Altitude, backward or for- 
ward, till the Center of that Star meets the 
Qijadrant in the Degree of Altitude given j 
then the Index will point the true Hour of 
rfie Night J and alfo where the Quadrant 
cuts the Horizon, will be the Azimuth of 
the Star at that Time. 

3f the Latitude, Sun's Altitude, and his De- 
clination (infiead of bis Place in the Eclip- 
tic} are given ; tofindtbe Hour of the Day., 
and Azimuth. 

Reftify the Globe for the Latitude and 
Zenith, and having brought the Kquinodiial 
Colure to the Meridian, let the Index to I2 
at Noon ; which being done, turn the Globe 
and the Quadrant, until the given Declina- 
tion in the Equinoftial Colure cuts the 
Altitude on the Quadrant ; then the Index 
L will 
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I will fhew the Hour of the Day, and the 
(Quadrant cut the Azimutb'm the Horizon, 



th^^ 



JJ the Allitude of two Stars on the fame ylz-i- 
mutb, were given ; to Jind the Latitude of 
the Place. 



Set the Quadrant over both Stars at the 
obferved Degrees of Altitude, and keep it 
fad upon the Globe with your Fingers ; 
then Aide the Meridian up or down in 
the Notches, till the Quadrant cuts the 
given Azimuth in the Horizon ; that Ele- 
vation of the Pole will be the Latitude re- 
quired, 

Prob. XLIII. Hailing the Latitude of the 
Place, to find the Degree of the Ecliptic^ 
which rifss or fets -with a given Star ; and 
from thence to determine the Time of its 

■'Cofmical tfBi/ Achronical Rifng and Set- 

■ ting. 

Having reflified the Globe for the Lati- 
tude, bring the given Star to the Eaftern 
Side of the Horizon, and mark what De- 
gree of the Ecliptic rifes with it .• Look 
for that Degree in the Wooden Horizon, 
and right againft it, in the Katendar, you'll 
find the Month and Day when the Star rifei 
Cofmically. If you bring the Star to the 
Weftcrn Side of the Horizon, that Degree 
of 
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of the Ecliptic which rifes at that Time, 
will give the Day of the Month when the 
faid ^izvfets Cpftnically. So likewife againft 
the Degree which fets with the Star, you'll 
6nd the Day of the Month of the Achronkat 
Betting ; and if you bring it to the Eaftern 
Part of the Horizon, that Degree which fets 
at that Time will be the Sun's Place when 
the Star rifes Achronical/y. 

Thus, in the Latitude of London^ Syriusy 
or the Dog'Sfar, rifes Cojinically the i oth of 
Angujly and fets Cofmicaily the roth of 
OSiober. Aldebaran, or the BuWi Eye^ 
rifes Acbronically on the 2 2d of A/ay, and 
fets Acbronically on the j 9th oi December. 

Pkob. XLIV. Having the Latitude of the 
Place, to find the Time when a Star rifes 
andfeti Heliacally, 

Having reflified the Globe for the Lati- 
tude, bring the Star to the Eaftcrn Side of 
the Horizon, and turn the Quadrant round 
to the Wcftern Side, till it cuts the Ecliptic 
in twelve Degrees of Altitude above the 
Horizon, if the Star be of the iirfl Magni- 
tude; then that Point of the Ecliptic which 
is cut by the Quadrant, is 12 Degrees high 
above the Weftern Part of the Horizon, 
when the Star rifes ; but at the fame Time 
the oppolite Point in the Ecliptic is 12 
L 2 De- 
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Degrees below the Eaftern Part of the H( 
zon, which is the Depreffion ofa Star of 
the Jirji Magnitude, when fhe rifes Helia- 
calfy i or has got fo far from the Sun's 
Beams, that (he may be feen 111 (he Morn- 
ing before Sun-rifing. Wherefore look for 
the faid Point of the Ecliptic on the Hori- 
zon, and right againft it will be the Day of 
the Month when the Star rifes Heliacally. 
To find the Heliacal Setting, bring the Star 
to the Weft Side of the Horizon, and turn 
the Quadrant about to the Eaftern Side, till 
the 12^16 Degree of it above the Horizon, 
cuts the Ecliptic; then that Degree of the 
Ecliptic which is oppofite to this Point, is 
the Sun's Place when the Star Jets Helia- 
cally. 

' -Thus you'll find that ArBurus rifes He- 
liacally the 28th of September, and fets He- 
liacally December the 2.d. 

PxoB. XLV. 7o find the Place of any Pla- 
net upon tbe Globe ; and Jo by that Means, 
^' to find its Place in the Heavens : Alfi to 
''find at what Hour any Planet mil rtfe er 
fist, or be on the Meridian at any one Day 
in the Tear. 

You muft firft feck in an Ephemeris, 

fH^hite's Ephemeris will do well enough) 

for, the Place of the Planet propofed on that 

TfLy; then mark that Point of the Ecliptic, 

either 



chher with Chalk, or by flicking on a little 
black Patch ; and then for that Night you 
may perform any Problem, as before, by a 
Fixed Star. 

Let it be required to find the Situation of 
yupiter zmong the Fixed Stars in the Hea- 
vens, and alfo whenabouts it rifes and fets, 
and comes to the Meridian on the jgth of 
May, I757j N. S. at London. 

Looking for the 19th of May, 1757, in 
White's Epbemer is f I find t\\3X. Jupiter's Place 
at that Time is in about 12 Degrees of in j 
Latitude about i ^ Degree North. Then 
looking for that Point upon the Celeftial 
Globe, I find that y is then nearly in Con- 
junction with the bright Star in the Southern 
Balance, and about i Degree North of it. 

To find when he rifes and fets, and comes 
to the Meridian : Having put a little black 
Patch on the Place of Jupiter^ elevate the 
Globe according to the Latitude, and having 
brought the Sun's Place to the Meridian, 
fet the Hour-Index to 12 at Noon ; then 
turning the Mark which was made for 
Jupiter, to the Eaftern Part of the Horizon, 
I find "H will rile fomewhat more than Half 
an Hour after Three in the Afternoon ; and 
turning the Globe about, 1 find it comes to 
the Meridian a little before Eleven at Night; 
and fets almoft a Quarter paft Six next 
Morning. 

L 3 This 
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'This Example being underftood, it 

oeeafy to find when either of the other two 
fuperior Planets, viz. Mars and Saturn, rife, 
let, and come to the Meridian. 

I fliall conclude this Subjedt about the 
Globes with the following Problem. 

PJtdfi. XLVI. To find aUthat Space upon the 
.Earthjichere an Eclipfe of one of the Satel- 
. .'/'^^ 2/* Jupiter iLv7/^f vif.ble. 

' ;'H^ving found that Place upon the Earth, 
ijn'^hich the Sun is Vertical, at the Time 
6f^ the Eclipfe, by Vrob. 13. elevate the 
Globe according to th? Latitude of the faid 
Place; then bringthePlace to the Meridian, 
and fet the Hour Index to 12 at Noon. If 
jupiter be in Confequence of the Sun, draw 
a Line with Black-Lead, cr the like, along 
theEaftern Side of the Horizon, which Line 
will pafs over all thofe Places where the 
Sun is felting at that Time ; then count the 
f)ifference betwixt the Right Afcenfion of 
the Sun, and that of Jupiter, and turn the 
Gtobe Weftward, till the Hour-Index points 
to'this Difference; then keep the Globe 
from turning round its Axis, and elevate 
tne Meridian, according to the Declination 
qt'yu/'ilcr. The Globe being in this Po- 
fitibn, draw a Line along the Eaftern Side 
pf the Horizon ; then the Space between 
tjii^ Line, and tiie Lii^e before drawn, will 
comp.-C'T 
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imprehend all thofe Places of the Earth 
'here "Jupiter will be vifible, from the fet- 
ing of the Sun, to the fetting oi Jupiter. 
But if Jupiter be in Antecedence of the 
Sun (i, e. rifes before him) having brought 
the Place where the Sun is Vertical, to the 
Zenith, and put the Hour Index to 12 at 
Noon, draw a Line on the Weftern Side of 
the Horizon ; then elevate the Globe ac- 
cording to the Declination of Jupiter, and 
turn it about Eaftwards, until the Index 
points to fo many Hours diftant from Noon, 
as is the Difference of Right Afccnfion of 
the Sun and ya/uVt'r, The Globe being in 
this PoGtion, draw a Line along the Weftern 
Side of the Horizon ; then the Space con- 
tained between this Line, and the other laft 
drawn, will comprehend all thofe Places 
upon the Earth where the EcHpfe is vifible, 
between the rifing of the Sun and that of 
Jupiter. 
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jrSg DESCRIPTION of the Great 
Orrery, lately made by Mr, 
Thomas Wright, Mathematical 
Inftnimetit Maker to His Ma- 
jEsty. 




H E Orrerv is an Aftrono- 
mical Machine, made to rc- 
prefent the Motions of the 
Planets. Thefe Machines are 
made of various Si3es, fome 
having more Planets than 
others; but I fliall here confine myfelf to 
the.Defcription of that above mentioned. 

In the Introduction we gave a (hort Ac- 
count of the Order, Perioc/s, Di/iatiifs, and 
Magnitudes of the Primary Planets ; and 
of the Dijlances and Periodical Revolutions 
of the Secondary Planets round their refpec- 
tive Primaries, We fhall here explain 
their Stations, Retrogradaiions, Eclipfes, and 
Phafes, tff, but firit let us take a general 
View of the Orrery, 
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View of the Vrrerp, 
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^V the Defcripliofi^ 6cc. 

The Frame which contains the Wheel- J^^'- 
Work, ©'(.-. that regulates the whole Ma- p'y"^^ 
cbine, is made of fine Ebony, and is near rtrj^ 
four Feet in Diameter ; the Outfide thereof 
is adorned with twelve Pilaliers, curioufly 
wrought and gilt: Between thefe Pilafters 
the twelve Signs of the "Zodiac are neatly 
painted, with gilded Frames. Above the 
Frame is a broad Ring, fupported wiih vide 
twelve Pillars : This Ring rcprelents the Fromif- 
Plcijie of the Ecliptic, upon which there ''"'' 
are two Scales of Degrees, and between 
thofe the Names and Charailers of the iz 
Signs. Near the Outfide is a Scale of 
Months and Days, exattly correfponding 
to the Sun's Place at Noon, each Day 
throughout the Year. 

Above the Ecliptic ftand fome of the 
principal Circles of the Sphere, according 
toiheir refpcftive Situations in the Heaven 
viz. N° to, are the two Colures, divided 
into Degrees and Half-Degrees : N° 
one Half of the EquinoSial Circle, making 
an Angle with the Ecliptic of 23 1 Degrees. 
The Tropic of Cancer, and the ArBtc Cir- 
cle^ are each fixed parallel, and at their pro- 
per Diftance from the Equinoftial. On the 
Northern Half of the Ecliptic is a Brafs 
Semicircle, moveable upon two Points fixed 
in Y and ^ : This Semicircle ferves as a 
maveable Horizon, to be put to any De- 
.grcc of Latitude upon the North Part of 
the 
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The Dcfcriftion of 
the Meridian. The whole Machine is alfo i 
contrived, as to be fst to any Latitude, with- 
out in the leaft atfetUng any of the infide 
Motions : For this Purpofe there are two 
ftrong Hinges (N°. 13.) fixed to the Bottom 
Frame, upon wliich the Inftrument moves, 
and a flrong Brafs Arch, having Holes at 
every Degree, thro' which a ftrong Pin Is to 
be put, according to the Elevation. This 
Arch and the two Hinges fupport the whole 
Machine, when it is littcd up according to 
any Latitude; and the Arch at other Times 
lies conveniently under the Bottom Frame. 

When the Machine is fet to any Latitude, 
(which is eafily done by two Men, each 
taking hold of two Handles conveniently 
fixed for that Purpofe) fet the moveable 
Horizon to the fame Degree upon the Me- 
ridian, and you may form an Idea of the 
refpeflive Altitude, or Deprefiions of the 
Planets, above or below the Horizon, ac- 
cording to their refpedtive Pofitions, with 
Regard to the Meridian. 

Within the Ecliptic, and nearly in the 
fame Plane thereof, ftands the Sun, and all 
the Planets, both Primary and Secondary. 
The Sun (N° i.) ftands in the Middle of the 
whole Syrtem upon a Wire, making an 
Angle with the Plane of the Ecliptic, of 
about 82 Degrees ; which is the Inclination 
of the Sun's Axis, to the Axis of the Eclip* 
tic. Next the Sun is a fmall Ball (No 2,) 
rcpre* 
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reprcfenting Mercury : Next to Mercury is 
Venus [\^° 3.) rcprefented by a larger Ball, 
(and both thefe ftand upon Wires, fo that 
the Balls themfelves may be more vifibly 
perceived by the Eye.) The Earth is rcpre- 
fented (N''4.) by an Ivory Ball, all having 
fomeof the principal Meridians and Paral- 
lels, and a little Sketch of a Map defcribcd 
upon it. The Wire which fupports the Earth 
makes an Angle with the Plane of the E- 
diptic of 66 f Degrees, which is the Incli- 
nation of the Earth's Axis to that of the 
Ecliptic. Near the Bottom of the Earth's 
Axis is a Dial-Plate (N" 9.) having an In- 
dex pointing to the Hours of the Day, as the 
Earth turns round its Axis. 

Round the Earth is a Ring, fupported by 
two fmall Pillars, which Ring reprefents 
the Orbit of the Moon, and the Divifion 
upon it anfwers to the Moon's Latitude ; 
the Motion of this Ring reprefents the Mo- 
tion of the Moon's Orbit, according to that of 
the Nodes. Within this Ring is the Moon 
(N° 5.) having a black Cap or Cafe, which, 
by its Motion, reprefents the Phafis of the 
Moon according to her Age. Without the 
Orbits of the Earth and Moon is Mars 
(N" 6.) The next in Order to Mars isjupi- 
piter, and his four Moons, (N° j) ; each 
of thefe Moons is fupported by a crooked 
Wire fixed in a Socket, which turns about 
the Pillar that fupports Jupiter. Thefe Sa- 
tellites 
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tellites may be turned by the Hand to any 
Pofition ; and yet when the Machine is put 
in Motion, they'll all move in their proper 
Times. The outerinoft of all is Salurn^ 
and his five Moons (N" 8.) Thefe Moons 
are fupported and contrived after the fame 
Manner with thofe oi 'Jupiter. The whole 
Machine is put into Motion by turning a 
fmall Winch, {like the Key of a Clock, 
N° 14); andall the infide Work is fo truly 
wrought, that it requires but a very fmall 
Strength to put the Whole in Motion. 

Above the Handle there is a Cylindrical 
Pin, which may be drawn a little out, or 
puflied in at Pleafure : When it is puftied in, 
all the Planets, both Primary and Secondary, 
will move according to their refpeftive Pe- 
riods, by turning the Handle : When it is 
drawn out, the Motions of the Satellites of 
"Jupiter and Saturn will be flopped, while 
all the reft move without Interruption. This 
is a very good Contrivance to preferve the 
Inftrument from being clogged by the fwift 
Motions of the Wheels belonging to the 
Satellites of Jupiter and Saturn^ when the 
Motions of the reft of the Planets are only 
conlidered. 

There is alfo a Brafs Lamp having two 
Convex Glaffes, to be put in the Room of 
the Sun ; and alfo a Imaller Earth and Moon, 
made fomewhat in Proportion to their Dl- 
ftance 
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ftance from each other, which may be put 
on at Pleafure. 

The Lamp turns round in the fame Time 
with the Earth, and by Means of the Glafles 
cafts a ftrong Light upon her j and when 
tlie fmaller Earth and Moon are placed on, 
it will be eafy to fliew when either of them 
may be eclipfed. 

Having thus given a brief Defcripilon of 
the outward Part of this Machine, I fhall 
next give an Account of the Phenomena 
explained by it when it is put into Motion. 

I. Of the Motiom of the Planets in ge* 
neral. 

Having put on the Handle, pufli in the 
Pin which is juft above it, and place a fmall 
black Patch (or Bit of Wafer) upon the 
Middle of the Sun (for Inftance) right a- 
gainft the firft Degree of -r ; you may alfo 
place Patches upon Venus, Man, and Ju- 
piter, right againft feme noted Pc«nt in the 
Ecliptic. If you lay a Thread from the Sun 
to the firft Degree of v. you may fet a Mark 
where it interfefts the Orbit of each Planet, 
and that will be a Help to note the Time 
of their Revolutions. 

One entire Turn of the Handle anfwers 
to the Diurnal Motion of the Earth round 
her Axis, as may be feen by the Motion of 
the Hour-Index which is placed at the Foot 
of 
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of the Wire on which the Terella is fixcdt 
When the Index has moved the Space of ten 
Hours, you may obferve that Jupiter has 
made one Revolution compleat round its 
Axis ; the Handle being turned until the 
Hour-Index has paffcd over 24 Days 8 
Hours, will bring the Patch upon Venus to 
its former Situation with refpett to the E- 
cHptic, which {hews that ¥ has made one 
entire Revolution round her Axis. Mart 
makes one compleat Revolution round his 
Axis in 24 Hours and about 40 Minutea^ 
When the Handle is turned 25 f Times 
round, the Spot upon the Sun will point to 
the fame Degree of the Ecliptic, as It did 
when the Inftrument was firft put into Mo- 
don. Byobferving the Motions of the Spots 
upon the Surface of the Sun, and of the 
Planets in the Heavens, their Diurnal Mo- 
tion wasdifcover'd, after the fame Manner 
as we do here obferve the Motions of their 
Reprefentatives, by that of the Marks placed 
upon them. 

If while you turn the Handle you obferve 
the Planets, you will fee them perform their 
Motions in the fame relative Times as they 
really do in the Heavens, each making its 
Period in the Times mentioned in the Ta- 
bles, Page 24, 27 -^ Turns of the Handle 
will bring the Moon round the Earth, which 
is called a Periodic Month, and all the while 
ihe keeps the feme Face towards the Earth ) 
for 
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for the Moon's Annual and Diurnal Mo- 
tion are perform'd both in the Tame Time 
nearly, lb that we always fee the fame Face 
or Side of the Moon. 

If before the Inftrumenl is put into Mo- 
tion, the Satellites of 'Jupiter and Saturn 
be brought into the fame right Line from 
their reipe«Svve Primaries, you'll fee them 
as you turn the Handle, immediately dif- 
pers'd from one another, according to their 
different Celerities. Thus one Turn of the 
Handle will bring the firft of Jupiter'% 
Moons about f Part round Jupiter^ while 
the fecond has defcrlbed but f Part, the 
third but about 7, and the fourth not quite 
yV Part, each of its refpedlive Orbit. If 
you turn the Handle until the Hour-Index 
has moved 1 8 k Hours more, the firft Satel- 
lite will then be brought into its former Po- 
fition, and fo has made one entire Revolu- 
tion ; the fecond at the fame Time will be 
almoft diametrically oppofite to the firft, 
and fo has made a little more than Half of 
one Revolution ; the others will be in dif- 
ferent Afpedts, according to the Length of 
their Periods, as will be plainly exhibited 
by the Inftrument. The fame Obfervations 
may be made with refpeft to the Satellites 
of Saturn, 

The Machine is fo contrived, that the 

Handle may be turned either Way ; and if 

before vou put it into Motion, you obferve 

the 
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the Afpedl (or Situation with refpeft to each 
other) of the Planets, and then turn the 
Handle round any Number of Times ; the 
fame Number of Revolutions being made 
backwards, will bring all the Planets to theif 
former Situations. I fliall next proceed to 
Particulars. 

Of the Stations and Retrogradations of the 
Planets. 

The Primary Planets, as they all turn 

round the Sun, at different Dil^aiices, and 

in different Times, appear to us from the 

Earth to have different Motions ; as fome- 

tlmes they appear to move from Weft to 

Eaft according to the Order of the Signs, 

which is called their direB Motion ; then 

by Degrees they flacken their Pace, until at 

laft they lofe all their Motion and become 

SiaiioBary. Stationary, or not to move at all ; that is, 

they appear in the fame Place with refpcft 

to the fixed Stars for fome Time together; 

after which they again begin to move, but 

with a contrary Direiflion, as from Eaft to 

Retregredt Weft, wHich is Called their retrograde Mo- 

Afeticn of fi^jj jjjgj^ again they become Stationary, 

and afterwards realiume their direct Motion . 

y The Reafon of all thefe Appearances is very 

evidently fliewn by the Orrery. 
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Of the Sfaiicm, &c. of the inferior 
Planets. 



I 

^H Wc fhall inftance m the Planet Mfrrarji, 
■ becaufe his Motion round the Sun differs 
more from the Earth's rtian that of Venui 
does. 

When Mtrcury is in his fuperior Con- 
junitjon (or when he is in a direft Line from 
the Earth beyond the Sun) faften a String 
about the Axis of the Earth, and extend it 
over Mercury to the Ecliptic ; then turning 
the Handle, keep the Thread all the while 
extended over g, and you'll find it move 
with a direift Motion in the Ecliptic, but 
continually flower, until Mercury has the 
greatefl: Elongation from the Earth, Near 
this Pofition, the Thread for fome Time 
will lay over Mercury without being mov'd 
in the Ecliptic, tho' the Earth and Mercury 
both continue their progreflive Motion ia 
their refpeftivc Orbits. When JVffrcary has 
got a little part this Place, you'll find the 
Thread muft be moved backward in theE- 
cliptic, beginning firft with a flow Motion, 
and then fafter by Degrees, until Mercury is 
in his inferior Conjunction, or direiSly be- 
twixt the Earth and the Sun. Next this Pofi- 
tion of S , his retrograde Motion will be the 
fwifteft ; but he ftill moves the fame Way, 
tho' continually flower, till he has again 
M come 



i6r, 



i62 7he Defcripthn of 

come to his greateft Elongation, where he 
will appear the fecond Time to be ftationa- 
ry ; after which he begins to move forward, 
and that fafter by Degrees, until he is come 
to the fame Pofition with Refpeft to the 
Earth, that he was in at firft. The fame 
Obfcrvations may be made relating to the 
Motions of Venus. In like Manner the 
different Motions cbferved in the fuperior 
Planets may be alfo explained by the Orrery, 
If you extend the Thread over "Jupiter, and 
proceed after the fame Manner as before we 
did in regard to Mercury, you'll find that 
frpm the Time Jupiter is in Conjunction 
with the Sun, his Motion is direct, but 
continually flower, until the Earth is nearly 
in a Quadrate Afpedl with Jupiter, near 
which Pofition Jupiter feems to be flati- 
onary : After which he begins to move, and 
fo continually mends his Pace, until he 
comes in Oppofition to the Sun, at which 
"jTime his retrograde Motion is fwiftefl:. He 
flill feems to go backward, but with a flower 
Pace, till the Earth and he are again in a 
Quadrate Afpedl, where Jupiter feems to 
have iofl: all his Motion j after which he 
again refumes his diredt Motion, and fo pro- 
ceeds fafler by Degrees, till the Earth and 
he are again in Oppofition to each other. 

Thefe different Motions obferved in the 

Planets, are eafily illuftrated, as foiloweth : 

The lefler Circle round the Sun is the Orbit 

of 
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of Mercury^ in which he performs his Re- 
volution round the Sun in about three 
Months, of- while the Earth is going thro* 
^ Part of her Orbit, or from A to N. The 
Numbers i, 2, 3, &c. in the Orbit of Mer-^ 
cury (hew the Paces he defcribes in a Week 
nearly, and the Diftances AB, BC, CD, G?r- 
in the Earth's Orbit, do likewife (hew her. 
Motion in the fame Time. The Letters 
A, B, C, Gfc. in the great Orb, are the Mo- 
tions of Mercury in the Heavens, as they 
appear from the Earth. Now if the Earth 
be fuppofed in A, and Mercury in 1 2, near 
his fuperior Conjundtion with the Sun ; a 
Spectator on the Earth will fee 8, as if he 
were in the Point of the HeavenS: A : and 
while 8 is moving from 12 to i, and fron> 
I to 2, Gfr. the Earth in the fame Time alfo 
moves from A to B, and from B to C, &?<:• 
All which Time S appears in the Heavens 
to move in a diredt Motion from A to B, and 
from B to C, Gf^. but gradually flower, qn^ 
til he arrives near the Point G ; near rwhich 
Place he appears ftationary, or to flrandilill \ 
and afterwards (tho' he ftill continues to 
move uniformly in his own Orbit, with ^ 
progreflive Motion) yet in the Sphere of th? 
fix'd Stars he'll appear to be retrograde, or to 
go backwards, as from G to H, from H to 
I, Gfr. until he has arrived near the Point L, 
where again he'll appear to be ftationary j^nd 

M 2 after.- 



j 



J 64 The Defiription of 

afterwards to move in a Hireift Motion from 
L to M, and from M to N, £fr. 

What has been here fhewed concerning 
the Morions of Mercury, is alfo to be un- 
derftood of the Motions of P'enus ; but the 
Conjundtions of Venus with the Sun do not 
happen fo often as in Mercury ; for Venus 
moving in a larger Orbit, and much flower 
than Mercury, does not fo often overtake 
the Earth. But the Retrogradations are 
much greater in Venus than they are in Mer- 
cury, for the fame Reafons. 
Fig. z. The innermoft Circle reprefents the 

Earth's Orbit, divided into 1 2 Parts, anfwer- 
ing to her monthly Motion ; the greateft 
Circle is the Orbit of Juplttr, which hedc- 
fcribes in about i z Years ; and therefore the 
tV thereof, from A to N, defines his Mo- 
tion. In one of our Years nearly, and the 
intermediate Dlvifions, A, B, C, 6fc his 
monthly Motion. Let us fuppufe the Earth 
to be in the Point of her Orbit 12, and Ju- 
piter in A, in his Coniundtion with the 
Sun ; it is evident that from the Earth Ju- 
piter will be feen in the great Orb, or in 
the Point of the Heavens A, and while the 
Earth is moving from 12 to i, 2, &c. V al- 
fo moves from A to B, C, ^c. all which 
Time he appears in the Heavens to move 
with a diredt Motion f:om A to B, C, &c. 
until he comes in Oppofition to the Earth 
near the Point of the Heavens E, where he 
appears 
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appears to be ftationary j after which "V 
again begins to move (tho' at firft with a 
flow Pace) from E through F^ H, I, to K, 
where again he appears to ftand ftill, but af- 
terwards he reaflumes his direct Motion 
from I thro' K, to M, (3c. 
• From the Conftrudion of the preceding 
Figure it appears, that when the fuperior 
Planets are in Conjundlion with the Sun, 
their diredt Motion is much quicker than at 
other Times j and that becaufe they really 
move from Weft to Eaft, while the Earth 
in the oppofite Part of the Heavens is carried 
the fame Way, and round the fame Cen- 
ter. This Motion afterwards continually 
flackens, until the Planet comes almoft in 
Oppofition to the Sun, when the Line join- 
ing the Earth and Planet, will continue for 
fomc Time nearly parallel to itfelf, and fo 
the Planet feems from the Earth to ftand 
ftill ; after which, it begins to move with a 
flow Motion backward, until it comes into 
a Quartile Afpedt with the Sun, when 
again it will appear to be ftationary for the 
above Reafons ; after that it will rcfume its 
dired: Motion, until it comes into a Con- 
junction with the Sun, then it will proceed 
as above explained. Hence it alfo appears, 
that the Rctrogradations of the fuperior 
Planets are much flower than their direft 
Motions, and their Continuance much fliort- 
er 'y for the Planet, from its laft Quarter, 
until it comes in Oppofition to the Sun, ap- 

M 3 pears 
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pears to move the fame Way with the Earth, 
by whom it is then overtaken : After which 
it begins to go backwards, but with a flow 
Motion, becaufe the Earth being in the 
fame Part of the Heavens, and moving the 
fame Way that the Planet really does, the 
apparent Motion of the Planet backwards 
muft thereby be leflened. 

What has been here faid concerning the 
Motions of Jupiter^ is alfo to be under- 
ftood of Mars and Saturn. But the Retro^ 
gradations of Saturn do oftner happen than 
thofe of Jupiter^ becaufe the Earth oftner 
overtakes Saturn ; and for the fame Reafon^ 
the Regreffions oi Jupiter do oftner happen 
than thofe of Mars. But the Retrograda- 
tions of Mars are much greater than thofe 
of Jupiter y whofe are alfo much greater than 
thofe of Saturn. 

In either of the Satellites of Jupiter or 
Saturn^ thefe different Appearances in the 
neighbouring Worlds are much oftner feen 
than we do in the Primary Planets. 

We never oblerve thefe different Motions 
in the Moon, becaufe {he turns round the 
Earth as her Centre ; neither do we obferve 
them in the Sun, becaufe he is the Centre 
of the Earth's Motion ; whence the appa- 
rent Motion of the Sun always appears the 
ftme Way round the Earth. 

Of 
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Of the Annual and Diurnal Motion of the 
Earthy and of the Increafe and Decreafe of 
Days and Nights. 

The Earth, in her Annual Motion round 
the Sun, has her Axis always in the fahie 
Dircdion, or parallel to itfelf 5 that is, if a 
Line be drawn parallel to the Axis, while 
the Earth is in any Point of her Orbit, the 
Axis in all other Pofitions of the Earth 
will be parallel to the laid Line. This Pa- 
rallelifm of the Axis, and the fimple Mo- 
tion of the Earth in the Ecliptic, folves all 
the Phaenomena of different Seafons. Thcfe 
Things are very well illuftrated by the Or^ 
rery\ 

If you put on the<Lamp in the Place of 
the Sun, you will fee how one Half of our 
Globe is always illuminated by the Sun, 
while the other Hemifphere remains in 
Darknefs ; how Day and Night are form'd 
by the Revolution of the Earth round her 
Axis ; for as (he turns from Weft to Eaft, 
the Sun appears to move from Eaft to Weft. 
And while the Earth turns in her Orbit, you 
may obferve that her Axis always points the 
fame Way, and the feveral Seafons of the 
Year continually change. 

To make thefe Things plainer, we will 
take a View of the Earth in different Parts 
of her Orbit. 

M 4 Whea 
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When the Earth is in the firft Point of 
Libra (which is found by extending a 
Thread from the Sun, and over the Earth, 
to the Ecliptic) we have the Vernal Equinox, 
and the Sun at that Tinie appears in the 
firft Point of V. In this Pofition of the 
Earth, the two Poles of the World are in 
the Line feparating Light and Darknefs j 
and as the Earth turns round her Axis, jufl: 
one Half of the Equator, and all its Paral- 
lels, will be in the Light, and the other 
Half in the Dark ; and therefore the Days 
and Nights muft be every where equal. 

As the Earth moves along in her Orbit, 
you'll perceive the North Pole advances by 
Degrees into the illuminated Hemifphcre, 
and at the fame Time the South Pole re- 
cedes into Darknefs i and in all Places to 
the Northward of the Equator, the Days 
continually lengthen, white the contrary 
happens in the Southern Farts, until at 
length the Earth is arrived in Cupricorn. In 
this Pofition of the Earth all the Space in- 
cluded within the Ardlic Circle falls 
wholly within the Light, and all the op- 
pofite Part, lying within the Antarflic 
Circle, is quite involved in Darknefs. In 
all Places between the Equator and the 
Arftic Circle, the Days are now at the 
longeft, and are gradually longer as the 
Places are more remote from the Equator. 
In the Southern Hemifphere thereisa con- 
trary 
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trary Effed. All the while the Earth is tra- 
velling from Capricorn towards Aria, the 
North Polegraduallyrecedes from the Light, 
and the South Pole approaches nearer to it ; 
the Days in the Northern Hemifphere gra- 
dually decreafe, and in the Southern Hemi- 
fphere they increafe in the fame Proportion, 
until the Earth be arrived in t ; then the 
two Poles of the World lie exaftly in the 
Line feparating Light and Darknefs, and 
the Days are equal to the Nights in all 
Places of the World. As the Earth advances 
towards Cancer, the North Pole gradually 
recedes from the Light, while the Southern 
one advances into it, at the fame Rate. In 
the Northern Hemifphere the Days decreafe, 
and in the Southern one they gradually 
lengthen, until the Earth being arrived in 
Cancer, the North Frigid Zone is all in- 
volved in Darknefs, and the South Frigid 
Zone falls Jntirely within the Light ; the 
Days every where in the Northern Hemi- 
fphere are now at the (liortefl, and to the 
Southward they are at the longeft. As the 
Earth moves from hence towards Libra, the 
North Pole gradually approaches the Light, 
and the other recedes from it ; and in all 
Places to the Northward of the Equator 
the Days now lengthen, while in the op- 
polite Hemifphere they gradually fhorten, 
until the Earth has gotten into £= ; in which 
Pofition the Days and Nights will again 
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be of equal Length in all Parts of the 
World. 

You might have obferved that in all Po- 
fiticns of the Earth, one Half of the Equa- 
tor was in the Light, and the other Half in 
Darknefs ; whence under the Equator, the 
Days and Nights are always of the fame 
Length ; And all the while the Earth was 
going from ^ towards f, the North Pole 
was conftantly illuminated, and the South 
Pole all the while in Darknefs j and for the 
other Half Year the contrary. Sometimes 
there is a Semicircle exaiSly facing the Sun, 
fixed over the Middle of the Earth, which 
may be called the Horizon of the Difk : 
This will do inftead of the Lamp, if that 
Half of the Earth which is next the Sun be 
confider'd, as being the illuminated Hemi- 
fphere, and the other Half, to be that which 
lies in Darknefs. 

The great Circle <r, «, n, Gfc repre- 
fcnt the Earth's annual Orbit ; and the four 
leffer Circles E S Q C, the Ecliptic upon the 
Surface of the Earth, coinciding with the 
great Ecliptic in the Heavens. Thcfe four lef- 
fer Figures reprefent the Earth in the four 
Cardinal Points of the Ecliptic, P being the 
North Poleof the Equator, and ^ the North 
Pole of the Ecliptic ; S P C the Solftitial 
Colure, which is always parallel to the great 
Solftitial Colure 25 o y in the Heavens ; 
E P Q^the Equinoaial Colure. The other 
Circles 
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Circles paffing thro' P, are Meridians at two 
Hours Diftancefrom one another; the Semi- 
circle E jE Qis the Northern Half of the 
Equator j the parallel Circle touching the 
Ecliptic in S, is the Tropic of Cancer ; 
the dotted Circle the Parallel of London, 
and the fmall Circle, touching the Pole of 
the Ecliptic, is the ArSlw Circle. The 
(haded Part, which is always oppolite to the 
Sun, is the obfcure Hemifphere, or that 
which lies in Darknefs ; and that which is 
next the Sun, is the illuminated Hemifphere. 

If we fuppofe the Earth in =a, (he'll then 
fee the Sun in y, (which makes our vernal 
Equinox) and in this Pofition the Circle, 
bounding Light and Darknefs, which here 
is S C, paffes thro' the Poles of the World, 
and bifefls all the Parallels of the Equator ; 
and therefore the Diurnal and Nodurnal 
Arches, or the Lengths of the Days and 
Nights, are equal in all Places of the Woild, 

But while the Earth, in her annual Courfe, 
moves through "i, J, to "cf, the Line S C, 
keeping ftill parallel toitfelf, or to the Place 
where it was at firfl, the Pole P will, by 
this Motion, gradually advance into the illu- 
minated Hemifphere ; and alfo the Diurnal 
Arches of the Parallels gradually increafe, 
and confequently the Nofturnal ones de- 
creafe in the fame Proportion, until the 
Earth has arrived into vf j in which Pofition 
the Pole P, and all the Space within the 
*- Ardlic 
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^xQac Circle, fall wholly within the illumJT 
nated Hemisphere, and the Diurnal Arches 
of al) the Parallels that are without this 
Circle, will exceed the Nodurnal Arches 
more or Icfs, as the Places are nearer to, or 
farther off from it, until the Diftance from 
the Pole is as far as the Equator, where both 
thefe Arches arc always equal. 

Again, while the Earth is moving from 
W, through :r, x, to t, the Pole P begins to 
incline to the Line, dillinguilhing Light and 
Darknefs in the fame Proportion that be- 
fore It receded from it; and confequently 
ihe Diurnal Arches gradually leflen, until 
the Earth has arrived into ^, where the 
Pole P will again f;ill on the Horizon, and 
fo caufe the Days and Nights to be every- 
where equal. But when the Earth has pafled 
v, while ihe is going thro" s and jt, &c. 
the Pole P will begin to fall in the obfcure 
Hemifphere, and fo recede gradually from 
the Light, until the Earth is arrived in as ; 
in which Pofnion not only the Pole, but 
all the Space within the Arctic Circle, are, 
involved in Datknefs, and the Diurnal 
Arches of all the Parallels, without the 
Art^ic Circle, are equal to the Nodlurnal 
Arches of the fame Parallels, when the Earth 
was in the oppolite Point ty ; and it is evi- 
dent that the Days are now at thefliorteft, 
and the Nights the longed. But when the 
Earth has part this Point, while (he is going 
through 
3 
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through fl. and "i, the Pole P will again 
gradually approach the Light, and fo the 
Diurnal Arches of the Parallels gradually 
lengthen, until the Earth is arrived in & ; 
at which Time the Days and Nights will 
again be equal in all Places of the World, 
and the Pole itfelf juft fee the Sun. 

Here we only coniidered the Phaenomena 
belonging to the Northern Parallels ; but if 
the Pole P be made the South Pole, then all 
the Parallels of Latitude will be Parallels of 
South Latitude, and the Days every where, 
in any Pofition of the Earth, will be equal to 
the Nights of thofe who lived in the oppo- 
fite Hemifphere, under the fame Parallels. 

Of the Pbafes of the Moon^ and of her Mo- 
tion in her Orbit. 

The Orbit of the Moon makes an Angle 
with the Plane of the Ecliptic, of above 
5 Y Degrees, and cuts it into two Points, di- 
ametrically oppofite (after the fame Man- 
ner as the Equator and the Ecliptic cut each 
other upon the Globe, in v and ,&) which 
Points arecalled the Nodes; and a right Line ^'o^"' 
joining thefe Points, and pafling through 
the Center of the Earth, is called the Line ^"'"f 'b* 
of the Nodes. That Node where the Moon ^'"^'' 
begins to afcend Northward above the Plane 
of the Ecliptic, is called the ^fending 
Node, and the Head of the Dragott, and Dragon's 
is thus commonly marked a. The other ^"^■ 
Node, from whejice the Moon defcends to 
the 
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the Soudiward of the Ecliptic is called th^ 

j)rcgon$ Defcending Node^ and the Dragon's Tail, 

^^^' and is mark'd © . The Line of Ac Nodes 

continually ftiifts itfelf from Eaft to Weft, 

contrary to the Order of the Signs ; and 

^etrogroii^ with this Retrograde Motion, makes one 

th$vJus. Revolution round the Earth, in the Space 

of about 1 9 Years. 

The Moon defcribes its Orbit round the 

jw^irVii/ Earth in the Space of 27 Days and 7 Hours, 

which Space of Time is called a Periodical 

Mohtb ; yet from one Conjundion to the 

next, the Moon fpends 29 Days and a Half, 

fymdical which is called a Synodical Month ^ beca,ufe, 

Meusb. while the Moon in her proper Orbit finifhes 

her Courfc, the Earth advances near a whole 

Sign in the Ecliptic 5 which Space the Moon 

has ftill to defcribe, before Ihe will be feeo 

in Conjundlion with the Sun. 

When the Moon is in Conjunftion with 
the Sun, note her Place in the Ecliptic % 
then turning the Handle, you'll find that 
27 Days and 7 Hours will bring the Moon 
to the fame Place j and after you have made 
2 -^ Revolutions more, the Moon will be 
exadly betwixt the Sun and the Earth. 

The Moon all the while keeps in her 

Orbit, and fo the Wire that fupports her 

continually rifes or falls in a Socket, as fhe 

changes her Latitude 5 the black Cap (hifts 

Phmfitof itfelf, and fo (hews the Phafes of the Moon, 

tbi Moon, according to her Age, or how much of her 

en- 
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"<nlighten'd Part is feen from the Earth. In 
one Synodical Month, the Line of the 
Nodes moves about i 4 Degree from Weft 
to Eaft, and fo makes one entire Revolution 
in 1 9 Years. 

Let A B be an Arch of the Earth's Orbit, P!"" 5. 
and when the Earth is in T, let the Moon '^' '" 
be in N, in Conjun<5tion with the Sun in S, 
while the Moon is defcribing her Orbit 
N A F D, the Earth will deicribe the Arch 
of her Orbit T t ; and when the Earth has 
got into the Points, the Moon will be in 
the Point of her Orbit n, having made one 
compleat Revolution round the Earth. But 
the Moon, before fhe comes in Conjun£tion 
with the Sun, muft again defcribe the Arch 
n ; which Arch is fimilar to T f, becaufe 
the Lines P N, f f7, are parallel ; and be- 
caufe, while the Moon defcribes the Arch 
n 0, the Earth advances forward in the E- 
cliptic ; the Arch defcribed by the Moon, 
after (he has finifhed her periodical Month, 
before ihe makes a Synodical Month, muft 
be fomewhat greater than « 0. To determine 
the mean Length of a Synodical Month, 
find the Diurnal Motion of the Moon (or 
the Space ihe defcribes round the Earth in one 
Day) and likewife the Diurnal Motion of the 
Earth j then the Diifcrence betwixt thefe 
two Motions is the apparent Motion of the 
Moon round^the Earth in one Day ; then it 
will be, as this differential Arch is to a whole 
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C5rcie > fo is one Day to that Space of 
Xime wherein the Moon appears to de- 
fcribe a compleat Circle round the Eaith, 
which is about 294 Days. But this is not 
always a true Lunation^ for the Motion of 
the Moon is fometimes fafter, and fome- 
times flower, according to the Pofition of 
the Earth in her Orbit. 

In one Synodical Month the Moon has 
all Manner of Afpefts with the Sun and 
Earth, and becaufefhe is opaque, that Face 
of hers will only appear bright which is to- 
wards the Sun, while the oppofite remains 
in Darknefs. But the Inhabitants of the 
Earth can only fee that Face of the Moon 
which is turned towards the Earth ; and 
therefore, according to the various Pofitions 
of the Moon, in Refpedl of the Sun and 
Earth, we obferve different Portions of 
her illuminated Face, and fo a continual 
Change in her % Phafes. 

Let S be the Sun, R T V an Arch of the 
Earth's Orbit, T the Earth, and the Circle 
A B C D, &c. the Moon's Orbit, in which 
file turns round the Earth in the Space of 
a Month ; and let A, B, C, &c. be the 
Centers of the Moon in different Parts of 
her Orbit. 

% Phafei of the Moon are thofe different Appearance* 
wc obletvc in her, according lo her Pofition in relptit of 
llie Sun and Eanh. 

Now 
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Now if with the Lines S A, SB, &c. 
we join the Centers of the Sun and Moon, 
and at right Angles 10 thefe draw the Lines 
H O; the faid Lines H O will be the Circles 
that feparate the illuminated Part of the 
Moon from the dark and obfcure. Again, 
if we conceive another Line ILto be drawn 
at right Angles to the Lines T A, T B, &c. 
pafiing from the Center of the Earth to the 
Moon, the faid Line I L will divide the 
vifible Hemifphere of the Moon, or that 
which is turned toward us, from the in- 
vifible, or that which is turned from us j 
and this Circle may be called the Circle of 
Fifion. 

Now it is raanlfeft, that whenever the FaliMcDiu. 
Moon is in the Pofition A, or in that Point 
of her Orbit which isoppofite to the Sun, 
the Circle of Vifion, and the Circle bound- 
ing Light and Darknefs, do coincide, and 
all the illuminated Face of the Moon is 
turned towards the Earth, and is vifible to 
us ; and in this Pofition the Moon is faid to 
heful/. But when the Moon arrives to B, 
all her illuminated Face is then not towards 
the Earth, there being a Part of it, HBI. 
not to be feen by us j and then her vifible 
Face is deficient from a Circle, and appears 
of a gibbous Form, as in B, P>^. 3. Again 
when flie arrives to C, the two forementioned 
Circles cut each other at right Angles, and 
then we obferve a Half Moon, as in C^ m'f 
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Fig. 3. And again the illuminated Faco 

of the Moon is more and more turned from 

^^ the Earth, until Ihe comes to the Point E, 

^^L where the Circle of Vifion, and thatbound- 

^^K ing Light and Darknefs, do again coincide. 

^^^ Here the Moon difappears, the illuminated 

^^H Part being wholly turned from the Earth ; 

^^V and flie is now faid to be in ConJuriSfion 

with the Sun, becaufe fhe is in the fame 

Direiflion from the Earth that the Sun is 

AWu in, which Pofition we call a New Moon. 

^iin. When the Moon is arrived to F, flie again 

refumes a horned Figure, but her Horns 

(which before the Change were turned WeftTf 

I ward) have now changed their Pofition, and 

look Eaftward. When fhe has arrived to a 

Quadrate Afpeft at G, fhe'll appear bifiedted, 

like a Half Moon, afterwards (he'll ftill grow 

bigger, until at laft flie comes to A, where 

again fhe'll appear in her full Splendor. 

The fame Appearances which weobfervc 
in the Moon are likewife obferved by the 
Lunarians in the Earth, our Earth being 
a Moon to them, as their Moon is to us ; 
and we are obferved by them to be carried 
round in the Space of Time that they 
are really carried round the Earth. But the 
fame Phafes of the Earth and Moon happen 
when they are in contrary Pofition ; for 
when the Moon is in Conjuniftion to us, 
the Earth is then in Oppofition to the Moon, 
^nd the Lunari(ins have then ? full Earth, 
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wc in a fimilar Pofition have a full Moon. 
When the Moon comes in OppoJitlon to 
the Sun, the Earth, feen from the Moon, 
■will appear in Conjuniftion with her, and in 
that Polition the Earth will difappear ; af- 
terwards ftie'U aflbme a horned Figure, and 
ib ihew the fame Phafes to the Inhabitant? 
of the Moon as (he does to us. 

Of the Eclipfes of the Sun and Moon. 



An Eclipfe is that Deprivation of Light EJiyi. 
in a Planet, when another is interpofed be- 
twixt it and the Sun. Thus, an Eclipfe of 
the Sun is made by the Jnterpofition of the 
Moon at her ConjuniSion, and an Eclipfe of 
the Moon is occafioned by the Shadow of 
the Earth falling upon the Moon, when 
fhe is in Oppofition to the Sun. 

Let S be the Sun, T the Earth, and Fig. +, 
ABC its Shadow ; now if the Moon, when 
ihe is in Oppofition to the Sun, fhould 
come into the conical Space ABC, (he'll 
then be deprived of the Solar Light, and fo Lio'fr 
undergo an Eclipfe. ^'^'^^'^ 

In the fame Manner, when the Shadow of 
the Moon falls upon the Earth (which can 
never happen but when the Moon is in Con- 
junction with theSp,n) that Part upon which 
the Shadow falls will be involved in Dark- 
nefs, and the Sun eclipfed. But becaufe the fT.r 
Moon is much Icfs than the Earih, the Sha- 
N 3 dov/ 
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d'owof the J cannotcoverthe whole Earth, 
but only a Part of it. Let S be the Sun, 
T the Earth, A B C the Moon's Orbit, and 
L the Moon in Conjunftion with the Sun ; 
Here the Shadow of the Moon falls only 
upon the Part D E of the Earth's Surface, 
and there onlv the Sun is entirely hid; but 
there are oiher Parts, EF, DG. on each Side 
of the Shadow, where the Inhabitants are 
deprived of Part of the Solar Rays, and that 
mote or lets according to their Dlftance from 
the Shadow. Thofe who live at H and I 
will fee Half of the Sun eclipfed, but in the 
Spaces F M, G N, all the Sun's Body will 
be vifible without any EclJpfe. From the 
preceding Figure it appears, that an Eclipfe 
of the Sun does not reach a great Way 
upon the Superficies of the Earth ; but the 
whole Body of the Moon may fometimee 
be involved in the Earth's Shadow. 

Although the Moon feen from the Earth, 
and the Earth feen from the Moon, are each 
alternately, once a Month, in ConjundVion 
with the Sun ; yet, by Reafon of the Incli- 
nation of the Moon's Orbit to the Ecliptick, 
the Sun is not ecltpfed every New Moon, 
nor the Moon at every Full. Let T be the 
Earth, DTE an Arch of the Ecliptic, ALBF 
the Moon's Orbit, hatrng the Earth T 
in its Center ; and let AGBC be another 
Circle coincidji 
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Ai B, the Nodes, or the two Points where 
the Moon's Orbit and the Ecliptic cut 
each other ; A the afcending Node, and B 
the defcending Node. The Angle GAL 
equal to GBL is the Inclination of the 
Moon's Orbit to the Ecliptick, being about 
5-l.Degrees. NowaSpedatorfrom the Earth 
at T, will obferve the Sun to move in the 
-Circle A G B C, and the Moon in her Or- 
bit A L B F ; whence it is evident, that the 
Sun and Moon can never be feen in a diredt 
Line from the Center of the Earth, but 
when the Moon is in one of the Nodes A 
or B J and then only will the Sun appear 
centrally eclipfed. But if the Conjunflion 
of the Moon happens when fhe is any where 
within the Diftancc A fof the Nodes, ei- 
ther North or South, the Sun will be then 
eclipfed, TOore or lefs, according to the Di- 
ftance from the Node A, or B. If the Con- 
jun<5tion happens when the Moon is in b, 
the Sun will be then one half eclipfed ; and 
if it happens when fiie is in c, the Moon's 
Limb will juft touch the Sun's Ditlt, with- 
out hiding any Part of it. 

The Shadow of the Earth at the Place 
where the Moon'sOrbit interfeds it, is three 
times as large as the Moon's Diameter, as in 
Fig. 4. and therefore it often happens that 
Eclipfes of the Moon are Total, when they 
are not Central : And for the fame Reafoa 
N 3 the 
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the Moon may fometimes be totally ecHpfed 
for three Hours together ; whereas Total 
Eclipfesof the Sun can fcarcely ever exceed 
four Minutes. 

The Eclipfes of the Sun and Moon are 
very well explained by the Orrery : Thus, 
having put the Lamp in the Place of the 
Sun, and the little Earth and the little Moon 
in their proper Places, inftead of the larger 
ones, let the Room wherein the Inflru- 
ment (lands be darkened ; then turning the 
Handle about, you'31 lee when the Con- 
junftion of the Moon happens. When fhe 
is in or near one of the Nodes, her Shadow 
will fall upon the Earth, and fo deprive that 
Part upon which it falls of the Light of the 
Sun : If the Conjunction happens when the 
Moon is not near one of the Nodes, the 
Light of the Lamp will fall upon the Earth, 
either above or below the Moon, according 
to her Latitude at that Time. In like 
Manner, when the full Moon happens near 
one of the Nodes, the Shadow of the Earth 
will fall upon the Moon ; and if the Moon's 
Latitude be but fmall, her whole Face will 
be involved in Darknefs. At other Times, 
when the Full Moon happens when fhe is 
not near one of her Nodes, the Shadow of 
the Earth will pafs either above or below 
the Moon, and fo by that Means the Moon 
will eftape being eclipfcd. 

Of 
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Of the Eclipfei of the Satellites of Jupiter. 

The apparent Diameters of the Inferior 
Planets are io fmalli that when they pafs 
betwixt us and the Sun, they only appear 
like fmall Spots upon the Sun's Surface, 
without depriving us of any fenfible Quan- 
tity of his Light. The Shadow of the Earth 
likewife terminates before it reaches any of 
the fuperior Planets, fo that they are never 
eclipfed by us ; and the Earth, when (he is 
in Conjunilion with the Sun, only appears 
lies a black Spot upon his Surface. 

But Jupiter and his Moons mutually 
eclipfe each other, as our Earth and Moon 
do ; as alfo doth Saturn and his Moons. 
The Satellites of Jupiter become twice hid 
from us, in one Circulation round i;, viz. 
once behind the Body of Jupiter, i. e. when 
they are in the right Line joining the Cen- 
ters of the Earth and w ; and again they 
become invifible when they enter the Sha- 
dow of Jupiter, which happens when they 
are at their Full as feen from Ti, at which 
Times they alfo fufFer Eclipfes ; which E- 
clipfes happen to them after the fame Man- 
ner as they do to our Moon, by the Interpo- 
fitionof the Earth betwixt her and the Sun: 

Let S be the Sun, A B Tthe Earth's Or- Bg. 7. 
bit ; and C v D an Arch oi Jupiter\ Or- 
bit, in which let Jupiter be in the Point 14 ; 
N 4 and 
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■ and let CFDH be the Orbit of one of Ju 
pifer's Satellites, which we'll here fuppofc 
to be the fartheft from him. Thefe Satellites, 
while they move thro' the inferior Parts of 
their Orbs, viz. from D thro' H, I, to C, 

I* feetn from the Earth and the Sun to have a 
retrograde Motion ; but when they are in the 
fuperior Part of their Orbit, they are then 
feen to move from Weft to Eafl: according 
to their true Motion. Now while theyde- 
fcribe the fuperior Part of their Orbits, they 
I will be twice hid from the Earth, once in 

the Shadow of V^ and once behind his Body. 
11 Jupiter he more Wefterly than the Sun, 
that is, when the Earth is in A, they'll be 
firft hid in the Shadow F, and afterwards 
''^— behind the Body of it in G : But when the 
^H Earth is in B, then they are firft hid behind 
^^P It's Body in £, and afterwards fall into the 
^ Shadow F. While thefe Satellites defcribe 
the inferior Parts of their Orbits, they only 
once difappear, which may be either in I or 
H, according to the Pofition of the Earth, 
in which Places they cannot be diftinguifli- 
ed from the Body of Jupiter. 

When the Satellites feen from % are in 
Conjundtion with the Sun, their Shadows 
will then fall upon y, and fome Part of his 
■Body be involved in Darknefs, to which 
Part the Sun will be totally eclipfed. 

By obferving the Eclipfes of Jupiter's 
Satellites, it was firft difcover'd that Light is 
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iiot propagated inftantaneouily, th6ugh it 
moves with an incredible Swiftnefs : For if 
Light came to us in an Inftant, an Obfer- 
ver in T will fee an Eclipfe of one of thefe 
Satellites, at the fame Time that another in 
K would. But it has been found by Obfer- 
vations, that when the Earth is in K at her 
neareft Diftance from Jupiter^ thefe Eclipfes 
happen much fooner than when (he is in T. 
Now having the Difference of Time be- 
twixt thefe Appearances in K and T, we 
may find the Length of Time the Light 
takes in pafling from K to T, which Space 
is equal to the Diameter of the Earth's An- 
nual Orb. By thefe Kinds of Obfervations 
it has been found, that Light reaches from 
the Sun to us in the Space of eleven Mi- 
nutes of Time, which is at leaft at the Rate 
of 100,000 Miles in aSecond« 
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COLE, Setf- and Jutf- 

Mathematical^ Philofopbtcal^ and Optical Inftrumetii 
Makers (Succejfors to Mr. Wright, Mathematical 
Inftrument^Maker to His Majesty) at the Orrery, 
ne^t the Globe Tavern in Flect-ftreet, London, 

MAKE all Sorts of Mathematical, Philofophical, and 
Optical Inftrunicut3, according to the lateft and beft 
Improvements jn Silver, Brsus, Ivory, or Wood, 
neatly and compleatly fitted for all their diiFerent Ufct 
in the feveral Branches of the Mathematics and Philofophy; 
where Gentlemen by fignifying the Plate and Figure of any m- 
ftrument in Gravefendy DefaguUers^ or other Authors, may be punc* 
tually ferved therewith, or have any other Model or Machine made 
according to their own Contrivance ; CO LE^ Sen. having had 
for many Years paft great Pradtice and Experience in making 
feveral large and curious Orreries and Spheres, of diiFerent 
Sizes ; Foot-Meafuring Wheels, Way-wifers for Coach or Chaifc, 
within fide or without ; Theodolites, and Levels of various Kinds % 
Hadley*s new-invented Sea-Quadrant, mounted either in Brafs or 
Wood ; (which for its Excellency far exceeds all Inflruments yet 
contriv'd for that Ufe ; but for fuch who ftill retain a Defire for 
Davis*s Quadrant, or are unwilling to be at the Expence of Had- 
ley^Sj COLE, Sen. has contrived one on the Principle of Davis'ti 
which, for its eafy Application, and Correftnefs in Ufe, may juft. 
ly be allow'd greatly preferable thereto :) Alfo, Smithes Quadrant, 
Davis's Quadrant, Azimuth, Amplitude, or other CompafTes of all 
Sorts, either for Cabin, Steerage, or Pocket. 

Artificial Magnet?, made according to the Improvements lately 
pommunicated by Dr. Knight to theRoYAL Society ; and likc- 
\yife his new-contrived Apparatus, for touching of Needles for the 

Mariners 



